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INTRODUCTION 
The complex phenomena of turbulence is of fundamental 
interest to the chemical industry. Its effect upon heat, 
mass, and momentum transport must be clearly understood be­
fore any unit of equipment can be designed with confidence. 
Much of the applied research in the area of turbulence is 
pointed to describing fixed and fluidized systems. This is 
because of the necessity to design the large number of 
fixed and fluidized beds used in the chemical industry. The 
basic research in this area is usually concerned with the 
phenomena described as homogeneous and isotropic turbulence. 
The division or gap between these two areas of research is 
enormous. 
Inasmuch as certain analogies, although incomplete at 
present, exist between heat, mass, and momentum transfer 
(11,57), a study in one of these sections may be applied to 
the other two. Complete analogies may never appear, since 
the most general differential equations which presently are 
used to describe the diffusion processes of heat, mass, and 
momentum transfer are not identical. For example, one of 
the terms which appears in differential equations for heat 
transfer is the viscous dissipation term. There is no 
analogous term in the mass transfer equation. 
Mass transport phenomena in coaxial fluid streams has 
become an area of considerable interest in recent years. 
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The results of these studies are not of as great a practical 
value as those in the area of packed beds; however, results 
from coaxial fluid investigations do have immediate applica­
tion to systems such as tubular reactors. Flow through 
tubes or pipes does represent a compromise between the 
packed bed studies and basic studies in homogeneous iso­
tropic turbulence. Thus this area may help to bridge the 
gap currently existing between these two areas. 
Three general methods are used in turbulent mass trans­
fer investigations. One is based upon the inlet and outlet 
streams, which considers the unit from the black box view­
point. This general approach sometimes called the distri­
bution of residence times is presented in an excellent 
article by Danckwerts (10). 
The second method utilizes the substitution of 
fluctuating velocities and concentrations into the 
molecular diffusion equation. Then the equation is time-
averaged and the three additional terms of time-average 
values of the velocity fluctuations multiplied by the con­
centration fluctuations are the components of the turbulent 
mass flux. This method is described with more detail in 
Bird et al. (6). 
The third method of describing turbulent mass transport 
phenomena considers the utilization of point values of con­
centration and velocity. These point values are substituted 
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into the diffusion equation and numerical values for eddy 
diffusivity(s) are obtained. Depending upon the com­
plexity of the differential equation describing the dif­
fusion process an analytical solution for the point con­
centrations may be obtained. 
The steady state diffusion equation for nonreacting 
systems may be represented in vector notation as 
u • Vc = V • (E • Vc) 
where c is the time average concentration, 
u is the time average velocity vector, 
V is the operator "del" (also a vector), 
and E represents a second order tensor, or in matrix 
notation for cylindrical coordinates 
Err Ere Erz 
II Mi
l 
E©r Eee Eez 
Ezr Ez© Ezz 
Previous investigators have obtained solutions of this equa­
tion for only specific concentration boundary conditions ; in 
general, cases for which only one component of the dif­
fusivity tensor is considered important. Thus, the deter­
mined eddy diffusivity can be applied only to systems which 
have analogous boundary conditions. In other words, the 
calculated eddy diffusivity is not independent of concentra­
tion profiles. 
A constant eddy diffusivity with respect to position 
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frequently is assumed. But this has been shown to be a very 
poor assumption in packed beds by Fahien and Smith (15) and 
in coaxial fluid streams by Frandolig (18). 
Another common solution of the diffusion equation found 
in the literature is the case for which Err and Ezz are 
assumed constant and equal. McHenry and Wilhelm (36) have 
shown that this is also an oversimplification. 
The purpose of this work was to define more clearly the 
applicability of the above differential equation to the tur­
bulent diffusion process. All nine components of the eddy 
diffusivity tensor were considered. The method of calcula­
tion was very tedious ; therefore, the eddy diffusivity com­
ponents were obtained utilizing an IBM 7074 digital computer. 
The experimental data were obtained in a 4-inch copper 
pipe with two salt injection tubes placed diametrically at 
the wall of the pipe. The salt concentrations were obtained 
by an electrical conductivity method. An analog computer 
was used to determine the time-average concentrations. The 
tabulated velocity profiles of Tichacek et al. (67) were 
used. These values were the result of smoothing and 
averaging velocity profiles taken by many investigators (12, 
28,41,42,47,56,59,61). 
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REVIEW OF THE LITERATURE 
Introduction 
The basic differential equations required for heat, 
mass, and momentum transport are derived in Bird et al. (6). 
The treatment and discussion of the equation of energy, con­
tinuity equation, and equation of motion are excellent? how­
ever, the practical application of these equations to tur­
bulent flow problems is not the major emphasis of the text. 
A general introduction to the subject of turbulent diffusion 
is available in a text by Sherwood and Pigford (57). 
Turbulence may be defined as irregular motion which 
appears in fluids when they flow past solid boundaries or 
surfaces or even past neighboring streams of the same fluid. 
These irregular motions must prevail even at "steady state" 
conditions if the flow regime is to be classed as turbulent. 
However, at steady state the average of some property (con­
centration, temperature, velocity, etc.) over an adequate 
period of time will be a constant. When the turbulence has 
quantitatively the same structure at all points in the flow 
field, it is referred to as homogeneous turbulence. If the 
statistical features of the turbulent field have no pre­
ferred direction, the turbulence is said to be isotropic. 
Turbulence in coaxial fluid streams through tubes will be at 
least nonhomogeneous due to the nonuniform velocity profile. 
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The presence of the tube walls also causes the turbulence to 
be nonisotropic. When one attempts to classify the turbu­
lence present in fixed and fluidized beds, difficulties are 
encountered by discontinuities in the fluid field due to the 
presence of solid particles. 
The fundamental equations of turbulent diffusion were 
first established by G. I. Taylor (63). Later, in a paper 
by the same author (66), many of the relationships were 
verified and expounded. 
A recent book by Hinze (22) surveys the mechanisms and 
theories of turbulence. Excellent reviews of measurement 
techniques, transport processes, and nonisotropic "wall" 
turbulence are presented. 
Treatment of the subject of homogeneous turbulence is 
presented by Batchelor (3). Major emphasis is placed upon 
the theoretical aspects of turbulence. Thus most of the ex­
perimental data which are presented consider the verifica­
tion of these theories. 
Townsend (69) showed that turbulent vorticity may 
rotate and strain a diffusion wake, thus increasing the 
contribution of molecular diffusion to the total mean dis­
persion over short diffusion. To test whether this pheno­
mena might occur at long diffusion times, Mickelsen (37) 
measured the lateral dispersion of two gases of widely dif­
ferent molecular diffusivities. Specifically, helium and 
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carbon dioxide concentrations in air were measured down­
stream from a continuous point source in the turbulence 
caused by a grid in a wind tunnel. The results showed that 
for long diffusion times accelerated molecular diffusion is 
negligible; therefore, molecular diffusion may be con­
sidered as an additive contribution to the total dispersion. 
The literature which considers investigations of heat, 
mass, and momentum transport is immense. A very complete 
survey of thermal and material transport was prepared by 
Opfell and Sage (43). A literature review of mass and 
momentum transport in gas streams is available in a study 
by Roley and Fahien (49). Beckwith (4) presented a summary 
of the transport of heat and momentum in turbulent liquid 
flow. Only particular papers deemed pertinent to the 
present investigation of mass transfer in coaxial fluid 
streams hereinafter are presented. 
Flow Distribution 
Rothfus et al. (51). presented a correlation for obtain­
ing velocity profiles which is applicable for flow in tubes 
or past parallel plates when the Reynolds number is greater 
than 3,000. Deissler (11) has corrected this correlation 
for wall effects. 
Baldwin (2) investigated the general flow properties of 
a turbulent gas stream using a hot-wire anemometer. An 
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empirical relation is presented which relates the coordi­
nates of the Lagrangian and Eulerian correlations. Un­
fortunately, the practical application of hot-wire 
anemometry is limited to gases. Liquids require a much 
sturdier construction with thicker and longer wires to give 
the required strength. This naturally limits the sensitivi­
ty and time constant of the anemometer. A possible answer 
to the problem of determining liquid flow velocities was 
reported by Ling and Hubbard (33) . A very thin, heated 
platinum film was used as the sensing element. The film 
which has length 1 mm and a width 0.2 mm was fused on a 
ceramic or glass support tip. This tip was wedge-shaped so 
that the film is inclined from the flow direction by 15°. 
They report that several of these probes are being used in 
various industrial locations. 
A stereoscopic photography method developed by Nedder-
man (39,40) was used to measure positions of moving bubbles 
at known intervals of time. The method, although slow, does 
make it possible to measure velocity fluctuations and 
velocity profiles in liquid systems. It was reported that 
"... instantaneous velocities show that even in the so-
called laminar sublayer, the velocity is by no means steady." 
Richardson and Beatty (48) utilized a by-pass line and 
an Iris valve to obtain photographs of dye patterns near the 
wall of a tube. The system with two valves in the by-pass 
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line allowed simultaneous isolation of the by-pass line (in 
which the dye was added) and opening of the Iris valve in 
the main tube. The reported dye patterns show some streaks 
and areas where small "piles" of dye are left behind. 
These investigators suggest that the dye patterns are the 
result of "swirling" eddies having an axis of rotation 
parallel to the tube axis. Lin et al. (32) used an in-
ferometer to measure concentrations (in the wall vicinity) 
caused by the electrodeposition of cadmium metal from a 
cadmium sulfate solution. Their results do not show the 
presence of the large "swirling" eddies reported above. 
They conclude that there is no definite laminar film for 
pure molecular diffusion near the wall. 
In conjunction with a study of axial mixing in pipes, 
Tichacek et al. (67) tabulated velocity profiles at various 
Reynolds numbers. These values are the result of smoothing 
and averaging velocity profiles taken by many investigators 
(12,28,41,42,47,56,59,61). 
Distribution of Residence Times 
Danckwerts (10) reviewed the general method of obtain­
ing the distribution of residence times. Particular empha­
sis was placed on measurement in vessels for which the con­
stant flow could be considered neither as "piston-flow" nor 
as perfect mixing. Open and packed tubes were discussed as 
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systems about which predictions can be made. 
Colpitts (8) measured the distribution of residence 
times in three laboratory-scale reactors under nonreacting 
conditions. Conversions were calculated from these mea­
sured distributions and compared with experimentally deter­
mined conversions. For the reactors with distribution func­
tions relatively close to perfect mixing or slug-flow, the 
measured conversions were not significantly different, at 
the 5 percent significance level, from the conversions 
calculated by the measured distribution of residence times. 
For the reactor with a distribution function intermediate 
between perfect mixing and slug-flow, measured conversions— 
at the 5 percent significance level—were significantly 
higher than those calculated by the measured distribution of 
residence times. 
Lapidus (27) used the distribution of residence times 
in a packed bed of porous and nonporous media. The non-
porous 3.5 mm glass beads represented nearly a plug-flow 
system. In contrast, the distribution function for the 
porous material was distorted. The two curves compared very 
closely when a correction was applied utilizing an effective 
diffusion coefficient for the internal pores of the porous 
material. 
Levenspiel (30) correlated the data of numerous inves­
tigators who used the distribution of residence times method 
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to obtain an effective longitudinal diffusion coefficient, 
D. The results were exhibited graphically as a plot of D/|_id 
versus Reynolds number, where y. is the viscosity and d is the 
tube diameter. The virtual coefficient of diffusion pro­
posed by Taylor (65) also correlated the data. The only 
data which appeared to deviate from either correlation were 
those of Hull and Kent (23). Hull and Kent injected a radio­
active tracer into a 10-inch pipe which had some curved 
sections over mountainous terrain. The total length of the 
pipeline was 182 miles long. Levenspiel concluded that 
their data did not satisfy the necessary conditions required 
of the diffusion model, that of using straight pipes. 
Levenspiel and Smith (31) show that the method for 
evaluating the axial dispersion coefficient by injection of 
a tracer into the fluid stream at one point and measuring 
the maximum downstream concentration may lead to appreciable 
error. Methods for evaluating the axial dispersion coef­
ficient from experimental data and the necessary conditions 
for the applicability of these methods are discussed. 
Tichacek et al. (67) considers a method of estimating 
the axial dispersion coefficients from radial diffusivity 
data. The necessary conditions which are required to obtain 
these estimates were first set forth by Taylor (64). 
Turbulent Mass Transport 
The first measurements of turbulent mass transfer in a 
gaseous system were conducted by Towle and Sherwood (68). 
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Carbon dioxide and hydrogen were introduced in the axis of a 
circular duct through which a turbulent air stream was flow­
ing. The results were reported as calculated eddy diffusivi-
ties. The eddy diffusivity was found to be of the order of 
100 times greater than the molecular diffusivity and inde­
pendent of the tracer gas used. Increases in the Reynolds 
number caused an increase in the calculated eddy diffusivi­
ty. Sherwood and Woertz (58) studied the transfer of water 
from a water film, through a turbulent gas stream, and into 
calcium chloride-water film in a large square duct. The 
apparatus was operated with air, carbon-dioxide, and helium. 
The results for air agreed with those of Towle and Sherwood 
(68). The product of the eddy diffusivity and the density 
for all three gases was found to be the same function of 
Reynolds number and was approximately 1.6 times the eddy 
viscosity. 
Bernard and Wilhelm (5) were the first to investigate 
turbulent mass transfer in packed beds. Both liquid and gas 
systems were considered. Differences of 25 percent in the 
Peclet number between the two systems were observed. The 
Peclet number for packed beds was defined as 
D D U 
NPe = E 
where Dp = particle diameter, 
u = mean superficial velocity (assumed constant 
throughout bed), 
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and E = effective diffusivity (assumed to be the same for 
both axial and radial directions). 
Hanratty et al» (20) present a theoretical analysis ap­
plicable to any homogeneous isotropic turbulent field. Ex­
perimental data were obtained in a water-dye system similar 
to that of Bernard and Wilhelm (5), except that the major 
portion of the data were obtained for a fluidized bed. A 
graph of Peclet number variation with change in fraction of 
solids gives a very excellent picture of the qualitative 
transition from a fixed bed through the fluidized bed to 
the limiting condition of an empty tube. 
An investigation of turbulent diffusion from a small 
source located in the center of a 3-inch pipe was presented 
by Flint et al. (17). Hydrogen and carbon dioxide were 
mixed in air, and potassium chloride solution was mixed 
in water. The calculated eddy diffusion coefficients were 
correlated by plotting E/2rw uc versus the Reynolds number 
(where uc was the time-average fluid velocity at the center 
of the pipe). 
Klinkenberg et al. (25) present a mathematical study of 
steady-state diffusion in a cylindrical tube. The flow 
field is considered to be homogeneous and nonisotropic 
(axial and radial diffusivities constant but unequal, 
velocity uniform with respect to space and time). The 
boundary conditions correspond to the experimental arrange-
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ment used by Bernard and Wilhelm (5). 
Hiby and Schummer (21) present an analysis similar to 
Klinkenburg et al. (25) . The diffusion equation was repre­
sented in tensor notation allowing for nonisotropic dif­
fusion. The nondiagonal elements of the diffusivity tensor 
were assumed to be zero. Thus the flux, J, is represented 
as 
J = -E • VC 
and E = 
where Vc = concentration gradient of the material being 
transferred, 
second-order diffusivity tensor, which in 
cylindrical coordinates was assumed to be 
Err 0 0 






The solution to the steady-state diffusion process, allow­
ing for reflection at the tube wall and for case of 
negligible axial diffusion, was obtained numerically. 
Lauwerier (29) presents an explicit solution to the 
diffusion equation for special boundary conditions. The 
fluid flows in the x-direction of an x,y plane with a non­
uniform velocity VQ(1+ay). The axial diffusivity was as­
sumed to be zero and the diffusion coefficient in the 
lateral direction y was considered constant. The diffusion 
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equation is 
D = u0(l + ay)|£ 
with boundary conditions: (1) source of constant source at 
(x,y) = (0,0), and (2) at y = - i , C = 0. The solution 
obtained has the appearance of a slightly skewed normal 
distribution function. 
Farrell and Leonard (16) obtained a solution in terms 
of the moments of a Laplace transformed diffusion equation 
for laminar flow through a tube. The diffusion coefficient 
was considered constant in the following equation 
d2C 
D[ dJ + r 3? 1 ~ u0(1 - r2)ïïÈ ~ 3t * r^
The criteria for applicability of a diffusion model and a 
convection model were discussed. Moment-solutions were ob­
tained for both models and graphically compared with the 
moment-solution of the above differential equation. 
Fahien and Smith (15) were the first to solve the dif­
fusion equation for steady-state mass transfer, considering 
both the effective radial diffusivity and the velocity as 
functions of radial position in a fixed bed. The dif­
ferential equation with boundary conditions of a confining 
wall and a finite tracer injection tube was replaced by a 
system of difference equations each written about a point. 
The resulting set of homogeneous linear equations were 
solved by trial and error on a digital computer. Axial 
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diffusion was neglected in comparison to bulk transport. 
The effective radial Peclet number for the carbon dioxide in 
air was observed to vary significantly with radial position. 
Schwarz and Hoelscher (53) calculated eddy diffusivi­
ties for mass and momentum transfer at a single Reynolds 
number of 25,000 in a wetted-wall column. By measuring the 
variation of velocity and humidity the diffusivities were 
found to be strong functions of radial position. 
Lynn et al. (34) determined the eddy diffusivity of 
natural gas in air flowing through a 6-inch pipe. Their 
values of the eddy diffusivity varied only slightly with 
radial position. The data were taken at a Reynolds number 
of 44,000 and indicated that the central core of the 
velocity field was nearly homogeneous. Frandolig (18) re­
ports values of eddy diffusivity for Reynolds numbers of 
1695, 4510, and 7605 il: a system similar to that of Lynn 
et al. (34). The test section was a 4-inch pipe and the 
tracer gas was carbon dioxide. The total diffusivities com­
puted by a semi-numerical method varied significantly with 
radial position. 
A number of investigators have found that the eddy 
diffusivities reach a maximum away from the tube center for 
Reynolds numbers greater than 5,000. These results have 
been obtained in a wetted-wall column by Schwarz and 
Hoelscher (53) for mass and momentum transport, in a gas 
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system by Roley and Fabien (49) for mass transport, in a 
liquid system by Seagrave (54) for mass transport, in a 
liquid system by Beckwith (4) for heat and momentum trans­
port, and in a gas system by Abbrecht and Churchill (1) for 
heat and momentum transport. 
Seagrave and Fahien (55) presented two methods of 
solving for axial and radial diffusivities as functions of 
radial position. The velocity was considered to be a 
function of radial position after the correlation of Rothfus 
et al. (51). The diffusivity tensor was assumed to be a 
diagonal matrix as follows 
0 0 
22 0 
0 E©0 _ • 
The system was fluorescein dye injected axially into water 
flowing through a 4-inch copper tube. No information was 
obtained about the angular diffusivity because of the 
angular symmetry of the system. Eddy diffusion coefficients 
of the order of 100,000 times greater than molecular dif­
fusion were reported. A large ratio for the average axial 
to the average radial diffusivity was obtained for all 
Reynolds numbers (3,000, 5,000, and 7,500), indicating 
severe nonisotropic turbulence for this system. The 
significance of the large ratios was not determined, inas­
much as complex procedures were required to separate the 
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axial and radial diffusivities. Both numerical procedures 
required starting values of the radial and axial dif­
fusivities at the center of the tube. 
Ultimately, the study of the turbulent diffusion 
process must lead to or begin with the nature of turbulence. 
Several investigators have successfully used photographic 
and visual techniques to examine particular aspects of 
turbulent flow. Fage and Townsend (14) used an ultramicro­
scope to investigate the motion of small illuminated 
particles in a square duct. Friedlander (19) presents a 
theoretical analysis of suspended particles in a turbulent 
fluid. The mathematical methods used were similar to 
those employed in the early calculations of the Brownian 
motion. The mean-square relative velocity was related to 
particle characteristics, intensity of turbulence, and a 
fluid correlation coefficient. 
One of the most complete studies in measurement of 
turbulent quantities is that of Laufer (28). The system was 
a straight, seamless brass tube, about 500 cm long with an 
internal diameter of 24.7 cm. Hot-wire anemometer measure­
ments were made at two air flow rates corresponding to 
Reynolds numbers of 50,000 and 500,000. The relative tur­
bulence velocity intensities over the tube radius are repre­
sented graphically in Hinze (22). The radial, angular, and 
axial turbulence intensities, in order of increasing magni­
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tude, were found to increase with radial position from the 
tube center to the wall. Measurements indicated that these 
turbulent intensities decrease to zero at the region very 
close to the wall. For the flow rates considered the ratio 
of axial to radial turbulent velocity intensities were about 
three to ten depending upon the radial position. The 
energy spectra, turbulent dissipation, and distribution of 
kinetic energies were also obtained. 
Sandborn (52) made similar hot-wire anemometer measure­
ments in a 4-inch aluminum pipe for Reynolds numbers of 
25,000, 50,000, 100,000, and 150,000. There was excellent 
agreement of the results for Reynolds number 50,000 in the 
studies of these two investigators. 
Turbulent concentration fluctuations in packed beds 
were obtained by Prausnitz and Wilhelm (45). The experi­
mental data were obtained with an electrical conductivity 
probe in a liquid system. Theoretical aspects of concentra­
tion fluctuations were proposed. The basis of the proposed 
mechanism is that concentration fluctuations are caused by 
velocity fluctuations. A scale of turbulence was defined, 
and the ratio of the axial to radial scale was approximately 
seven. 
Sparks and Hoelscher (60) in a very recent study appear 
to have overcome some of the problems associated with liquid 
phase turbulence measurements. The experimental probe wires 
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are 5 to 10 times thicker than those utilized in standard 
hot-wire anemometry. The reported results are an investiga­
tion of the fully developed turbulent wake of a circular 
cylinder, which is part of the probe. Thus the results of 
the heat and mass transfer study are not directly applicable 
to the present study. 
Electrical Apparatus 
The literature reviewed in this section pertains to 
certain aspects of the measurement of the mean concentra­
tion and the fluctuations in concentration by electrical 
conductivity methods. Only the relevant material in each of 
these studies is considered in this report. A number of 
investigators (2,13,24) used bridge circuits to obtain a 
desired voltage or current. This type of circuit was not 
considered in this work since the electronic apparatus 
necessary to keep the bridge balanced for an electrical 
conductivity changing with time would have been economically 
prohibitive. 
A basic study by Dillman (13) considers the polariza­
tion of a solution in conductivity measurements. Figure 1 
demonstrates the importance of frequency selection when 
measuring the conductivity of a solution. The abscissa is 
the real part of the admittance, called conductance, and the 
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Figure 1. Conductivity cell admittance (G = conductance, B = 
susceptance) at different frequencies [Dillman (13) 
used with permission] 
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susceptance. The dashed lines on Figure 1 represent con­
stant frequency lines of 500, 1,000, and 5,000 cycles per 
second. The susceptance at low frequency measurements 
causes what appears to be a "stray" capacity. The results 
of Figure 1 were obtained by measuring the voltage, current, 
and the phase angle between the voltage and current across 
a conductivity cell. Results from a different experiment in 
the same study show this phenomena in a different way. With 
the use of a movable probe the voltage drop from one elec­
trode of the conductivity cell to the probe were obtained. 
These results are reported in Figure 2. At low frequencies 
most of the voltage drop occurs very near the electrodes. 
These results are particularly applicable to the pre­
sent study since the conductance was measured in a moving 
fluid, if too low a carrier frequency had been used, the 
reading obtained from a conductivity probe would have de­
pended upon both concentration and velocity. 
Kang (24) and Prausnitz and Wilhelm (45,46) describe 
conductivity probes which consist of two small wire ends 
situated at the end of a tapered 5 mm glass tube. Pyrex 
glass is used with the exception of the lower end which is 
made of lead glass to provide a leak-proof seal with the 
wire ends. The protruding platinized wire ends are 1.0 mm 
apart and 1.2 mm long. The outputs of these probes were 
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Probe voltages versus probe position at different 
frequencies in the KCl-water system [Dillman (13), 
used with permission] 
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Kang (24) used a carrier frequency of 2,000 cycles per 
second, while Prausnitz and Wilhelm (46) used 10,000 cycles 
per second. The work of the latter also describes an 
electrical circuit which was used to amplify the relatively 
weak signal obtained from the conductivity probe. 
Manning and Wilhelm (35) and Lamb et al. (26) describe 
a conductivity probe (shown in Figure 3) which they claim 
measures mean and root mean square concentrations in 
volume elements of the order of 0.3 mm^. The conductivity 
cell leads consisted of two lengths of 26-gauge platinum 
wire. The large electrode was made in the form of a ring, 
0.25 inches in diameter, thus exposing a total area of 
0.04 square inches. By careful manipulation, the area of 
the second electrode was minimized—the value attained was 
the cross sectional area of the platinum wire; i.e., 0.0002 
square inches. Thus, the ratio of the two areas was 200 to 
1. The presence of ground potential objects affected the 
readings from the probe, but this was overcome by calibra­
tion of the probe while it was positioned in the experi­
mental apparatus. 
Cairns (7) gives a detailed description of the electri­
cal apparatus used to obtain the correlation coefficient of 
concentrations at two separate points in a fluidized bed. 
The electrical apparatus was capable of recording the mean 
concentration and the fluctuating concentration simultaneous­

















PLASTIC SEAL j 
(  ARALDITE )  —'  
EXPOSED END ELECTRODE 
Figure 3. Conductivity probe used by Manning and 
Wilhelm (35) and Lamb et al. (26) 
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MATHEMATICAL ANALYSIS 
Turbulent Mass Transport 
Consider an arbitrary element of volume, V, in a fluid 
stream with an area of surface, S. A material balance of 
species a is 
f CadV = - J Ja • ndS (1) d dt 
V S 
where Ca = moles of a/unit volume, 
Ja = diffusion flux vector of species a out of the 
volume, V, in moles of a/(area) (time), 
and n = unit vector normal to the surface element, dS. 
Applying Leibnitz's rule, the L.H.S. of Equation 1 be­
comes 
it f c*âv=/ ST dv+/ Caa ' ads (2) 
V V S 
where u = velocity vector of the surface element, dS. 
Using the Gauss divergence theorem, the surface inte­
grals of Equations 1 and 2 may be represented as 
F Ja • ndS = J V • Ja dv (3) 
and s v 
f caH " £Lds = J V • ca udv (4) 
S V 
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respectively. Substitution of Equation 4 into Equation 2 
and then substituting this resulting equation along with 
Equation 3 into Equation 1 yields 
f dV +f* * Ca udV = -J? - Ja dV. (5) 
V V V 
Equation 5 was derived for an arbitrary volume; there­
fore, the following is true at every point 
|Eë. + V • Ca u = -V . ja. (6) 
dCa 
At steady state, = 0, and for an incompressible 
fluid, V • u = 0. Thus, 
u • v Ca = -V . Jg. (7) 
Equation 7 is mathematically rigorous; therefore, it 
should be applicable to a turbulent flow field which satis­
fies the conditions of steady state and incompressible flow. 
The problem encountered in turbulent flow is how to 
describe the turbulent diffusion flux. 
One general form of the flux is 
J_ = - E • Vc (8a) 
—d = a 
where E is the total diffusivity tensor which includes both 
the molecular and turbulent processes expressed in 
cylindrical coordinates (r,e,z) as 
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Err Er© Erz 
E = u
 
CD M e©6 Eez (8b) 
®zr Ez© Ezz • 
In general the components of this tensor may be functions of 
r, ©, Zj and t. Physical aspects of the problem lead one to 
consider that these components may be only functions of the 
radial coordinate, r, since the velocity profile at some 
distance z from the entrance in a long cylindrical duct 
should be independent of 6, z, and t. Thus, with substi­
tution of Equation 8a into Equation 7, one obtains 
u • V C = V • (E • V C) , (9) 
where the subscript has been dropped since in a two com­
ponent system one may specify Ca = C. In a circular tube 
the components of the steady state velocity profile in the 
radial and angular directions are zero. Thus performing the 
dot product operations in Equation 9 and keeping in mind 
that the components of E are functions of radial position 
one obtains 
ÔC d2C 





"66 d C B2C sr ) + -sr- + e2z âz2 
d2C . Er© 
+ 5ÏÔ© ( r IT )+ F (Brz + Ezr> 
Erz dC 





where uz is the scalar velocity in the z-direction and a 
function of radial position. 
The purpose of this study was to gain as much informa­
tion about Equation 10 as possible. In other words, how 
well does the second order tensor of Equation 8 represent 
the turbulent mass transport process? 
Certain advantages may be gained by considering equa­
tions in dimensionless notation. These dimensionless vari­
ables enable one to gain information about many problems 
at once if the variables are characteristic of the several 
independent problems. Before Equations 9 and 10 are ex­
pressed in dimensionless notation, the following variables 
are defined as 
"H s -E- (Ha) 
rw 
E s — (lib) 
rw 
e = die) 
cav 
v = _y_ did) 
uav 
aiJ 5 rw uav - (%T 'ij (lle) 
where rw = wall radius 
uav = area-average velocity 
and Cav = average concentration based on quantity of flow. 
To be more specific the area-average velocity and average 
29b 
concentration for tube flow are defined as 
2tt p rw 
ru(r)dr de 
.... 
2ir p "'« rw 
I / r dr de 
J 0 v 0 
and 
2ir r> Z n rw 
I j r u(r) C(r,e,z)dr de 
2tt 
Cav 5 — — (13) 
p 2ir p rw 
I I r ui (r) dr de 
' 0 0 
respectively. The average concentration in this work is 
independent of the axial variable z because at steady state 
input minus output equals zero. 
Utilizing the dimensionless variables defined in Equa­
tion 11, Equations 9 and 10 become 
v • V(3 = V • (a • V{3) (14) 
and 
if =  ° r r  $ +  ÏÏi > +  w^ +9 +  fjf 
+ Me ( Hf + "if '+ Ti ~w H + Ml ,arz + azr) 
+ ^ t + | + Hi,2r + 2f' 
The subscripts r, e, z are maintained to keep maximum con­
tinuity between the two systems of notation. 
vz 
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Before considering the calculational procedure for ob­
taining the components of E or a, a solution of a two-
injector problem with constant diffusivities and velocity 
is shown. The calculational procedure computer programs 
were debugged with this analytic solution. 
Two Injector Problem 
Consider a uniform flow distribution in a tube with 
radius, rw. Let injectors 1 and 2 be placed at © = 0° and 
180°, respectively. The mathematical model used for this 
problem is 
^ = (16, 
where C = concentration at point (r,©,z) 
and u = velocity. 
[Note: the diffusivities, Err, E@@, and Ezz and 
the velocity, uz, are constants.] 
The following boundary conditions are imposed 
1. C is finite at all r and z 
2. ^ = 0 at 0 = 0°. 
d© 
3. §§ = 0 at 6 = 180° 
dc 4
- £7 = 0 at r = rw. 
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5. At z = 0, C = Cp^ for region of injector 1 
= Cp2 for region of injector 2 
= 0 for region outside of injector 
areas. 
(Figure 4 is helpful in visualizing boundary con­
dition 5) . 
Again utilizing the dimensionless variables defined in 
Equation 11, Equation 16 and the boundary conditions may be 
expressed as 
vz H = °rr [!ït+ ^ B,+ y +°zz M (i7> 
1. p is finite at all T| and |. 
2. ^ = 0 at © = 0°. 
3. = 0 at © = 180° 
4, 
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= 0 at "H = 1 < 
5. At Ç = 0, {3 = (3p^ for region of injector 1 
= Pp^ for region of injector 2 
= 0 for region outside of injector 
areas. 
The analytic solution to the above differential equa­
tion and boundary conditions is 
32 
C = C C = 0 c= c  
Figure 4. Coordinate system and nonhomogeneous boundary 
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1 + 4arr azz A^nn 
2a zz ] 
(18a) 
(18b) 
The eigenvalues, Xmrv are determined by the implicit rela­
tion 
d 
[Jn| oee '<Amn 
a rr 
= 0. (18c) 
n=i 
In other words, Xmn values correspond to the maxima and 
minima of the Bessel functions of the first kind and order 
n \l a0Q/ar~. These eigenvalues for integer order were 
evaluated by utilizing very complete Tables of the Bessel 
Functions (62). The coefficients are determined numerically 
using 
p 2ir rl 
2  I I p(n,0,0)cos(n©) J 









1  < v i 2  
(18d) 
where [ x ]  =  w, n ^  0 
= 2tt - n = 0. 
The first coefficient, Aqq , cannot be determined using 
Equation 18d, but has been shown to be the average concen­
tration O = 1.0) . 
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Further Aspects of the Problem 
One of the ultimate goals of research in the area of 
turbulent mass transport is the prediction of concentration 
profiles, which can be used to calculate the total mass 
transport in an apparatus. The prediction of concentration 
profiles should be made without imposing too many restrictive 
assumptions upon the diffusion equation as stated in Equation 
9 or 14. In addition rigor and accuracy must be balanced 
against time and effort required by the calculation. The 
analytic solution as expressed in Equation 18 is an example 
of a possible prediction of concentration profiles. But 
the restrictions imposed upon the diffusion equation are 
severe and the solution is as formidable as it appears. 
Eventually the solution of the diffusion equation 
should be generalized to include the case of a reacting sys­
tem. The magnitude of this task can be visualized by con­
sidering the analytic solution above which only accounts 
for inception of a specific material at an axial distance 
equal to zero. However, in a reacting system this inception 
of the material would occur at every point in the flow sys­
tem. Thus, the ultimate goal of predicting concentration 
profiles utilizing a general analytical solution appears to 
be far out of reach. Particularly, this is true when one 
does not know which terms in the diffusion equation are 
important. 
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The primary purpose of this study was to obtain as much -
experimental information as possible about Equation 14, the 
diffusion equation. The necessity of this information to 
the prediction of concentration profiles is apparent in view 
of the considerations mentioned above. The knowledge of the 
relative importance of the diffusivity tensor components 
would enable one to decide which terms of the diffusion 
equation could be ignored in the formulation of an 
analytical solution. 
Information about the diffusivity tensor components has 
immediate application. In many cases it should be possible 
to generate concentration profiles numerically through the 
direct utilization of the diffusion equation. Information 
about the relative importance of diffusivity components 
would enable one to simplify the numerical calculations by 
neglecting terms which do not contribute significantly. 
More important than the immediate practical utilization 
of the diffusivity components, is the fact that a knowledge 
of these terms permits a greater understanding of the 
mechanism of mass transport in turbulent systems and its 
relation to the turbulence characteristics of the fluid 
stream. 
Calculational Procedure 
The essence of the calculational procedure is the 
utilization of the angular and axial variables as parameters 
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in the diffusion equation to generate independent algebraic 
equations which can be solved for the unknown diffusivities. 
The procedure involves: (1) integration of the diffusion 
equation over prescribed regions at several axial levels; 
(2) numerical approximation of the concentration gradients 
in the resulting integrated diffusion equation, thus obtain­
ing several algebraic equations each containing the unknown 
diffusivities being considered, i.e., k in number; (3) solu­
tion of these algebraic equations by the method of least 
squares which results in k normal equations; (4) applica­
tion of multiple regression theory (after some assumptions 
about the terms in the algebraic equations) to estimate 
confidence regions for the estimated diffusivities; and (5) 
utilization of the numerical magnitude of each diffusion 
term in relation to other diffusion terms in the diffusion 
equation and the t-squares to infer the relative importance 
of each diffusivity tensor component. 
Consider an experiment with two injectors placed dia­
metrically in a large tube. If we arbitrarily let the 
angular position of the first tube be © equal to zero, then 
the resulting time average concentration profile will satis­





when time-average velocity in the ©-direction is zero. In­
tegration of Equation 15 with respect to angular position, 
©, and radial position, T), yields 
where the diffusivity terms which make up the angular flux 
and the two terms corresponding to axial flux and radial 
flux due to an angular concentration gradient are zero be­
cause of the boundary conditions stated in Equations 19. 
It should be noted that because of the integration over 
angular position from © equal zero to © equal tt the concen­
tration information as a function of the parameter © is re­
moved from the subsequent statistical analysis. The ad­
vantage of this procedure is that five of the components are 
eliminated without making any assumptions. It is possible 
to gain information about the other four components (still 
present in Equation 20 regardless of the magnitude and/or 
the functional relationship of the other five diffusivity 
tensor components with radial position. 
Since T) and vz are not functions of ©, the L.H.S. of 
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Equation 20 may be expressed as 
r\ r1* aa rfj f' f H de arl = f 
7r 
Tlvz [f || de]dTl. 
0 " 0 "0 " 0 ds 
(21) 
The first term on the R.H.S. of Equation 20, after reversing 
the order of integration, is evaluated as follows : 
r r ./J , 0 0 de 
T1 
= T)a rr { & de. ( 2 2 )  
T )  
[Note: By this procedure it is possible to obtain rigorous­
ly the point value of the radial diffusivity as a function of 
radial position.] 
Similarly, the third term on the R.H.S. of Equation 20, 




dT] de = T]a 
rz 




The second term on the R.H.S. of Equation 20 is 
evaluated as follows : 
5 pî ô2o oT| ~T 
-n*zz r-5 den = f 
0 ^0 " 0 
where azz is an average value of azz somewhat related to the 
^ TPZZ n [T d6]dn (24) 
area-average value up to radial position T). 
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Since T], azr> and are not functions of ©, the fourth 
term on the R.H.S. of Equation 20 may be expressed as 
.rdfB, 
Tt rr S[di' f ' f r,azr d© dT| 




T|a zr dT| 
- 
azr / 
T1 d[ r M 




Substitution of Equations 21 through 25 into Equation 
20 yields 
f11 TIM r H aelan = Kr f" ti 
v n dTl 
d© 
T1 
+ =zz -nt f àHâ de]a-n + t\ <*rz f || 
0 -o a%' 
d© 
T| 
d[ r ÈÈ 





Equation 26 can be modified to apply to the case in 
which arz and azr are assumed equal. The third and fourth 
terms of the R.H.S. after setting azr equal to arz are com­
bined in Equation 20 to obtain 
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T] ~ 7r P T1 r T d cn^rz sf" ) P i| N 
' ' .-n de dTl + ' ' 
o \ o O I v' o v ' C 
Tja rz dndç de dTl 
(arz=azr) •' 
pfi P%- % (n M ) 2  
-o [ —âf" +11liî 1ded11 
- ^rz^zr' r T1 
= (°rz=°zr) 
am f If del â[ f a|de, 
—° + n 0 ^ 
ÔT| dît 









The term, (arz=azr), is a rather unique combination because 
of the different weighting functions in the integrals of the 
equation above. The estimation of (o.rz=azr) can be ac­
complished also by considering arz equal to azr in Equation 
26 .  
All of the prescribed integrals of Equation 26 can be 
evaluated numerically from velocity and concentration pro­
file data. The evaluation of the numerical approximations 
to the derivatives and the estimation of the diffusivities 
are considered later in this section. 
Next, the manipulation of the diffusion equation to ob­
tain information about the five diffusivity tensor components 
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(aQo, a@r, ar6, aQ z ,  and az0) is shown. The diffusivity 
terms (azz, arz, and azr) are assumed negligible; the 
reasons for so doing are expressed later in the RESULTS and 
DISCUSSION OF RESULTS sections. Inspection of Equation 15 
reveals no difference in the coefficients associated with 
a@z and az6 making it impossible to determine these terms 
separately. Thus cczQ can be set equal to a&z. The dif­
fusivity component, a@r, can be set equal to ar@, if the 
variation of ar© with radial position is slight. 
Retention of the above assumptions during integration 
of the diffusion equation with respect to radial position 
from to-^2 and angular position from to ©2 yields the 
following expression, 
r ^2 
nvz [ r 62 p ©2 d©]dn = f [TTOrr 
BC 
©i 
rr ÔT1 d© 
+ "ee* ^  k tE 1 dTl 
+ 2A@R* [P(TL2,92,Ç) - PCR}2,&I,V- 3(T11,©2^)+ P (%,©!,%)] 
+ 2aez* f^2 ^ dTl (27) 
where the overbar ( *) denotes a radial average diffusivi-
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ty coefficient from T|^ to Tjg. 
Concentration gradients with respect to the angular and 
radial variables in Equations 26 and 27 were calculated by 
the central difference method and the further approximation 
shown in Figure 5. This type of numerical difference ap­
proximation is also the same as one half the forward dif­
ference plus one half the backward difference. The axial 
gradients were obtained by analytical differentiation of the 
following equation: 
i=3 -h^S 
= 1 . 0 + 2  g ±  e  .  ( 2 8 )  
i=l 
Equation 28 was utilized at every discrete point of the T|-0 
field. Ten possible choices of the h^ vector were used. 
The numerical values for the components of the g^ vector 
were determined by the method of least squares utilizing the 
experimental concentrations at six levels of the axial vari­
able. The criteria in choosing the h^ vector was the mini­
mum value of the variance between the calculated concentra­
tions (by Equation 28) and the experimental concentrations. 
The integrations required in Equations 26 and 27 were ob­
tained by a summation of the terms under the integral at 
every point in the region defined by the limits of integra­
tion. After the g^ coefficients had been determined by the 
"method of least squares" and the minimum variance choice 
of the hi vectors, the concentration data of the lowest and 
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BY CENTRAL DIFFERENCE 
+ Vz 
f i -  1  1 /2 
a f ( x )  ~ f j  + i/g f j — i/g 
d x  A x  
BY A FURTHER APPROXIMATION 
f (x) 
<3f(x) ^ fj-t-1 - fj-
2  A x  
/2 
I — 
Figure 5. First derivative approximations 
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highest axial £ heights were not used in subsequent analysis. 
After evaluating the integrals of Equation 26 by the 
numerical approximations, the diffusion equation is in an 
algebraic form. In order to simplify the nomenclature of 
the diffusion equations, Equation 26 can be expressed as 
x = ai yi + '* * + ak Yk (29) 
where x is the L.H.S. of Equation 26 
a's are the unknown dimensionless diffusivity tensor 
components 
and y's are the numerical values of the coefficients of the 
unknown a1 s. 
The value of k in the above equation can be from 1 to 4 de­
pending upon the number of diffusivity terms (or parameters) 
that are chosen. 
In the present experiment, Equation 29 was utilized at 
four axial levels. In order to generalize the calculational 
procedure, the total number of axial levels (number of 
algebraic diffusion equations) is represented as n. In the 
following analysis the indices i and j run from 1 to n and 
the indices p and q run from 1 to k. Thus, Equation 29 can 
be generalized as follows, 
xi = al Yli + "• + ap Ypi + + ak Yki- (30) 
Let the quantity 
S = Z (x± - 2 ap yDi)2. (31) 
i p 
Upon differentiating S with respect to cig, the a* s are 
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determined by the following set of k "normal equations" (one 
equation for each value of q): 
2 Yqi (xi - Z Op ypl) = 0. (32) 
i P 
The estimator for a is symbolized by cL. If apq and bq 
are defined by the relations 
apq = 2 ypi yqi (33a) 
bq = 2 x± yqi (33b) 
the normal equations may be written. 
2 apq ap= bq. (34) 
The matrix, a, of coefficients, apq, may be inverted if its 
determinant does not vanish. Letting aM represent the 
elements of the inverse matrix, the solution of Equation 34 
A 
for the a's may be represented as 
ap = 2 a1x3 bq. (35) 
To digress, the same estimate of the dimensionless 
diffusivity component dp by the "method of least squares" 
results if the "principle of maximum-likelihood" is used. 
Mood (38) uses the principle of maximum-likelihood esti­
mation, which he states on page 153 as: 
If f(xi,x2,•••,xn?e) is the density for a random 
sample of size n drawn from a population with an un­
known parameter 6, then £he maximum-likelihood esti­
mate of 6 is the number 9, if it exists, such that 
f (xi,x2, • •',xn;S) > f (xi,x2, • • ^ Xn,-©1) where e' is 
any other possible value of 6. 
46 
If multiple regression theory is used for a variate x 
which is normally distributed with variance a2 and with a 
mean of the form ai yi + <*2 Y2 + """ + ak Yjç (where the y's 
are observable parameters and the a1 s and a2 are the other 
parameters under consideration), Equation 35 is also obtain­
ed. Much of the following is taken with slight modification 
from page 301 of Mood (38). 
If the variate x has the characteristics stated in the 
first sentence of the previous paragraph, then the density 
for a sample of size n^is 
, ~(2^2 '?(xi " 2 ™P Ypi>2 
and the natural logarithm of the likelihood is 
L = — 2. log 2ttct2 2 (x. - 2 ap yDi) 2. (36) 
2 2a2 i p p 
Now if L is differentiated with respect to the same 
result stated in Equation 32 is obtained and the analogous 
result stated in Equation 35 logically follows when the 
definitions in Equation 33 are used. When the derivative 
of L (in Equation 36) with respect to cr2 is set equal to 
zero and the a's are substituted for the a's, the maximum-
likelihood estimate of a2 is 
a2 n I 2 (x± - 2 ap y ±) 2. (37) 
n i p p 
Mood (38) further shows that a confidence interval may be 
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estimated by showing that ap - a is normally distributed 
with a zero mean and a variance aPP a2; therefore the 
variable 
Qp - <%p 
t 
~ -1 aPP „ SV(n-k) <3S 
has the "Student's" t distribution with n-k degrees of 
freedom and involves no unknown parameter except ap. 
The results of Equation 38 could be utilized directly 
without assumptions if the L.H.S. of Equation 29 (the 
algebraic diffusion equation) was normally distributed with 
v a r i a n c e  a 2  a n d  a  m e a n  o f  t h e  f o r m  y ^  +  Y 2  +  • • •  +  
ak Yk« If the above were true, it would mean that the con­
centration profiles are of some unique form such that the 
only error in evaluation of the integrals in Equation 26 
would be in the term on the L.H.S. and the integrals on the 
R.H.S. could be evaluated precisely. 
An estimate of the variance also can be obtained by 
the "method of least squares" which would not require the 
normality assumption upon the x's. This least squares 
estimate of the variance could be used to calculate a 
A A 
confidence interval (e.g., a ±2a). However, in this in­
vestigation the confidence intervals were calculated 
utilizing the relationship in Equation 38. 
For this work, a confidence of 90 percent was chosen. 
This means that if the experiments of this study were re­
peated 100 times, we wish to know the upper and lower 
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limits of a diffusivity tensor component, say ap, such that 
no more than 10 estimates, ap, lie outside of this interval. 
Ideally, one could hope to estimate the limits such that 
the narrowest possible band of 90 estimates is found. 
Symbolizing the probability as P, then the 90 percent con­
fidence limits of dp can be represented as 
otp ^ c'py) ~ 0.90. (39) 
Utilizing the relation 
P(-te2.0 C "t C t ^g) = 0.90, (40) 
it can be shown that 
i 
11 _nr, _ 12 
A aPP n a2
aPu = aP + t.10 I 
and 
 t
. (n-w (41a) 
°PL = =P ^.loV^n-k)1 (41b) 
This will give the minimum 90 percent confidence interval 
since the t distribution is symétrie about t equal zero. 
After the estimates for the a's in Equation 29 were 
determined, they were substituted into the equation and the 
whole equation was divided through by the x value. Thus, 
the following relation was obtained, 
1.0 = Yl + ... + yk . (42) 
x x 
[Note: when x was equal to zero, the division was not per­
formed .] Each individual term on the R.H.S. of Equation 42 
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A 
was called the transport ratio. The term p yP is similar 
x 
to a flux ratio but there are areas of transfer normal to 
the flux which are involved in these terms. It is a very 
useful term to show the relative importance of each dif­
fusive term in the diffusion equation. 
If ap is set equal to zero in Equation 38, the result 
after squaring is 
t2 = aPP nPÎ2/(„-k)- * (43> 
Examination of this relation reveals that a large t2 can be 
A 
caused by (1) a large estimate of the parameter, ap, and/or 
(2) small value of the variance, aPP a2. Thus, by comparing 
the value of t2 for each parameter utilized in the model, 
another comparison of the relative importance of the dif­
fusivity tensor component is available. 
The estimation and prediction of confidence interval 
for the diffusivity tensor components was somewhat different 
for the case described by Equation 27. The numerical values 
of arr estimated from Equation 26 were used in evaluating 
the integral in the first term on the R.H.S. of Equation 27. 
The x term in Equation 29 was taken as 
r % n ©2 n ^2 
x = J^ fei <*>)•*!-/ [T|arr ||1 de. 
ni <44) 
The number of algebraic equations, n, was greatly in­
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creased in this second case because it was now possible to 
obtain several observations at each axial level due to the 
utility of © as a parameter. Once these adjustments were 
made in Equation 29 the analysis was carried on in the same 
manner as previously described through the setting up of 
the k normal equations, determination of the estimates of a, 
calculation of the confidence limits, and the calculation of 
the t-squares. The transport ratios, however, were calcu­
lated with the radial diffusion term brought back to the 
R.H.S. of Equation 29. 
The detailed computer programs for the calculation of 
the diffusivity tensor components and the estimation of 
their relative importance are listed in APPENDIX B. The 
first program for the calculation of radial diffusivities 
by integration with respect to © from 0 to Î is called 
Diffusivity Integration Three. The second program which 
calculates angular diffusivities with known values of the 
radial diffusivities is called Theta and Radial Diffusion. 
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EQUIPMENT AND EXPERIMENTAL PROCEDURE 
Flow System 
Figure 6 shows a schematic diagram of the apparatus 
used to generate the flow fields and concentration profiles 
required by this investigation. The main vertical column 
(4.000 inches ID, 4.500 inches OD) was constructed of seam­
less, copper pipe and lucite tubing. The calming section 
(copper pipe) was 17 feet in length. A single-cross 
straightening vane (two feet long, 1/8 inch thick) was 
positioned at the bottom of the calming section. In addi­
tion, Number 20 copper wire was formed randomly into a loose 
ball and firmly fixed below the straightening vane. Vari­
ous lengths of lucite tubing threaded to the copper pipe to 
maintain a smooth inside wall served as the test section. 
Water from the Iowa State University supply line was 
used as the principal fluid. A Cuno Micro-Klean filter was 
used to remove particles larger than 75 microns from the 
water. The control of the proper flow rate was obtained by 
a system of globe valves and Brooks rotameters. 
An ammonium nitrate-methyl alcohol-water solution was 
metered through two Zenith Metering Pumps with a common 
Graham Variable Speed Drive. The useful capacity of each 
pump was from 60 to 160 ml per minute. The salt solution 
entered the main column through two stainless steel tubes 
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Figure 6. Schematic diagram of flow system 
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which passed through the copper pipe at diametrical points 
five feet below the beginning of the test section. The in­
jection tubes turned upward, continued vertically along the 
wall diametrically and terminated at the start of the test 
section. The injection tubes were held in place at the 
lower point by the horizontal tubes, at the upper end by a 
fine nylon cord, and at two intermediate positions by 
Number 24 copper wire soldered on the outside of the copper 
pipe. Each injection tube had a horizontal leg (1/4 inch 
OD, 1/8 inch ID) silver soldered at a right angle to a 
vertical leg (3/16 inch OD, 0.008 inch wall thickness). 
A system consisting of a Gould Pump (size 1 1/2, 50 
gal per min at a head of 20 ft), a number of gate valves, 
and a 15-gallon stainless steel hold tank provided a closed 
system for the calibration of electrical conductivity 
probes. The outlet of the hold tank was an overflow pipe 
so that relatively constant steady state pressures could be 
maintained throughout the system. The hold tank also af­
forded an excellent position to obtain the average concen­
tration. 
A sketch of the header and probe positioner is shown 
in Figure 7. The movement and positioning of the probe is 
facilitated by three "O-ring" seals. The lower one allows 
the angular movement of the top flange. The one which per­
mitted radial variations was placed in an oblong channel cut 
0" RINGS 
W A T E R  L I N E  
(OUT) --
Figure 7. Sketch of the electrical conductivity probe 
positioner and water outlet header 
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into the flange plate. The third seal provided for fine 
positioning of axial position. This concept of passing a 
conductivity probe through the top of the column instead of 
the tube wall expedited the measurement of concentrations 
as a function of angular and radial position. 
Electrical System 
A block diagram of the electronic apparatus is dis­
played in Figure 8. Because of the high concentrations of 
minerals in the water supply, two systems were required to 
obtain the concentration due to the injected salt alone. 
A Hewlett-Packard Model 200S oscillator was used to 
generate a carrier frequency of 20,000 cycles per second. 
At this frequency the major portion of the admittance of 
the solution is due to the conductance. Thus, a linear re­
lationship between concentration and conductivity is ob­
tained. The frequency was well below the range of internal 
capacitance problems. Two Universal Output Transformers 
(Model AO-22) were used as impedance matching devices. 
Their placement in the oscillator, conductivity probe, and 
amplifier circuit is shown in Figure 9. Both primary coils 
were connected to the 50 ohm resistor to maintain a constant 
power output at this resistor. When the resistive load is 
allowed to vary, power loss in the internal resistance of 
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Figure 9. oscillator, step-down transformer, and electrical con­
ductivity probe circuit 
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Another reason for the transformer is shown below. 
Assuming a positive root mean square (RMS) current, i, 
flowing in the clockwise direction of the right loop of 
Figure 9, the algebraic sum of voltages is 
—iRp + V,p — iRrp — iR^ = 0, (45) 
where R = resistance 
V = RMS voltage 
and subscripts P = probe 
T = transformer 
and A = amplifier. 
Solving for the current in Equation 45 results in 
Vm 
1 = RP + RT + Ra* 
The current through the amplifier resistance may be ex­
pressed as 
i = ~ . (47) 
RA 
Substitution of Equation 47 into Equation 46 results in 
VA = Rp + Rt + Ra * (48) 
If 
Rp y y RT + &A 
then 
Ra VT 
VA ~ Rp • (49) 
Therefore, the amplifier RMS input voltage was proportional 
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to concentration because the RMS output voltage of the 
transformer, VT, was constant and the frequency was chosen 
so that conductivity is proportional to concentration. 
The amplifier circuit is shown in Figure 10. Several 
input resistors were used to maintain the necessary require­
ment that Rp > > RT + RJV Each amplifier circuit briefly 
consists of two stages of amplification, a cathode follower, 
a rectifier, and a R-C circuit for frequency demodulation. 
The construction of an electrical conductivity probe 
is illustrated in Figure 11. The Pyrex glass was fused 
around each platinum wire and then the Pyrex glass ends 
were fused to each other to assure a permanent electrode 
spacing. Apiezon wax was used to maintain a liquid seal 
between the Pyrex glass and the stainless steel tube, be­
cause of its resistance to both water and methyl alcohol. 
Switches were used to place the desired electrical conduc­
tivity probes into the two amplifier-oscillator circuits. 
A Tektronic Type 561 oscilloscope and a Heathkit Decade 
Resistance Kit expedited the construction and the check­
out of the electronic equipment. 
The concentrations utilized in the MATHEMATICAL 
ANALYSIS section were time-average concentration values. A 
rapid means of obtaining these time-average concentrations 
was required because of the large amount of data needed in 
the analysis. The schematic diagram of the Donner Analog 
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Figure 11. Electrical conductivity probe 
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Computer model 3500 used as a data processor is shown in 
Figure 12. The function multiplier was a Donner Model 
3731. The general equation for the n^*1 amplifier used as a 
sign-changing and/or scaling unit is 
RF„ 
Vn = - — Vi (50) 
n 
where n = n*-*1 stage 
F = feed back resistor 
and i = input. 
The following equation illustrates the relationship 
between the instanteous concentration,Cgait, and the time-
average concentration value, C, 
csalt = C + Cl. (51) 
The fluctuating concentration component above and below 
the time-average value is represented by C 1. 
The AC amplifier output from the tap water conductivity 
probe (see Figure 8) was the input to the 4th amplifier 
(Figure 12). 
That is, 
VR = k2 <ctap H20> 
and after inversion the output of amplifier 4 is 
V^-5rï ( k 2  Ctap H 20> (53) 
but R4 was set equal to Rp^; thus, 
Rp = 100 K C„= IMFD 
L-'# 2 AAAr 
Ri =2M 
RF =500K OX OY 
FUNCTION 
MULTIPLIER 





Figure 12. Analog computer circuit 
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^4 = - %1 Ctap h20' (S*) 
The output of the other AC amplifier shown in Figure 8 
was the voltage of either the salt probe in the column or 
the average concentration probe in the hold tank depending 
upon which probe was switched into the circuit. When the 
column probe was in the circuit the output of amplifier 1 
was 
Rp, 




~ Ri fkl(csalt + ctap H20^ " kl Ctap H20^ 
Rp, 
ki Cgalt' (55) 
R1 
Amplifier 2 of Figure 12 was used as a voltage-sealer 
as well as a sign changer. Amplifier 3 was used to obtain 
the time-average value of the voltage. The output voltage 
of amplifier 3 was 
v3 " " RTc7 /' v2 "t 
f \ 1  
r3 c3 r2 - 1 
, RF2 
= + ± V, dt 
1 KF2 KF1 f * 
RFo RF-
kl I  c - .  dt. (56) 
r3 c3 r2 R1 ^0 Salt 




C = . (57) 
r dt 
0 
Therefore, the output of amplifier 3 with the column probe 
in the circuit is 
1 Ef2 Rf1 
v3 = - ST57 iT5Tkl 11 c- <58) 
The same circuit was used to measure the average concentra­
tion in the hold tank. However, a different potentiometer 
in the circuit preceding amplifier 4 was required to account 
for differences in the hold tank probe and tap water 
reference probe. With this adjustment the output of ampli­
fier 3 with the hold tank probe in the circuit was 
i rf2 Rpi 
V3AV R3 C3 R2 RX kav ^  cav- (^9) 
Utilizing Equations 58 and 59, the normalized concentrations 
were obtained by 
p 5 c^-Lav 
^3 
= 
For the values of the capacitors and resistors in 
Figure 12, the root mean square fluctuation can be obtained 
from the relation, 
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v6 (lOO ) - v32 
(61) 
or 
V6(lM ^  " V32 (62) 
The value of time, t, in the above relation is the averaging 
time in seconds. The factor of t/100 appears in Equations 
61 and 62 because Vg is proportional to the averaging time 
multiplied by the square of the salt concentration and be­
cause of the 0.01 factor in the function multiplier. 
The sign-changing amplifiers used in the analog circuit 
of Figure 12 allowed for the monitoring of the instantaneous 
voltage, V^, and the reading of the average voltages, V3 and 
Vg, without changing the voltmeter polarity. The Donner 
Analog Computer model 3500 has a control switch with the 
following three positions: (1) reset, (2) compute, and (3) 
hold. In this investigation the reset position was used 
for discharge of the capacitors (this position also would 
allow an initial voltage setting to be placed upon a 
capacitor). The hold position maintained the time-average 
voltages by isolating the capacitors from the analog com­
puter circuit. The capacitors and the large impedance of 
the voltmeter allowed a voltage reading to be held for over 
an hour without a readable change. The voltages were 
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obtained with a Hewlett-Packard model 412A vacuum tube volt­
meter. The stability of the AC amplifier and accuracy of 
the other electrical components resulted in precision of 
voltage measurements of better than one percent. 
Experimental Procedure 
The make-up of one liter of feed solution was 200 grams 
of ammonium nitrate, 520 milliliters of methyl alcohol, and 
396.5 milliliters of distilled water. The methyl alcohol 
was added so that the density of the salt solution would be 
the same as the bulk flow water. One hundred gallons of 
this 2.5 Normal ammonium nitrate solution was made up at a 
time. The salt solution was injected at a rate which cor­
responded to the average velocity of the water stream inte­
grated over the injection tube area. The salt concentration 
was the same in each injector tube. 
The water temperature varied between 13 °C and 17 °C. 
The Reynolds number varies with temperature if a constant 
flow rate is maintained because of the variation of the 
molecular momentum diffusivity with temperature. Electri­
cal conductivity also varies with temperature. 
The salt injection flow rate was maintained constant 
for each Reynolds number. The temperature was monitored 
carefully and when a change in temperature of 0.2 °C was 
observed, the necessary change in the water flow rate was 
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made to maintain a constant Reynolds number. This naturally 
changed the average concentration measured in the hold tank. 
The functionality with temperature of the voltage cor­
responding to the average concentration was utilized in 
Equation 60. The ratio of k^ to kav in Equation 60 was in­
dependent of temperature because all of the electrical 
conductivity probes were made as similar as possible. 
The ratios of k^ to kav were determined by circulating 
a constant salt solution in the closed system. The ratios 
were independent of concentration. The calibration was 
performed at each axial level. The conductivity probes were 
always maintained in water even when data were not being 
taken. 
All the experimental runs were made from 9 p.m. to 
7 a.m. This was done to minimize large pressure fluctua­
tions due to human utilization of water. The water was 
run through the system and the electronic equipment was 
turned on for twenty minutes before the reference potenti­
ometers were set. The salt was started into the system 
and at least ten throughputs of water and salt were run 
through the system before data were taken. 
The concentration data were taken at the following 
dimensionless variable levels: 
(1) Reynolds number 5,000, 10,000 and 20,000 
(2) Axial position (£) 8.94, 11.5, 15, 19.5, 25.5, 
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and 37 
(3) Radial position 0 to 0.875 by an increment of 
(Tl) 
0.125 and 0.938 
(4) Angular position 0° to 360° by an increment of 
(*) 
10 for Tl = 0.375 through T| = 
0.938. 0° to 360* by an incre­
ment of 30° for T| = 0.25. 
0° to 360° by an increment of 
45° for T| = 0.125. 
The voltage was averaged for 100 seconds for each of the 
above points. The average concentration voltage also was 
averaged for 100 seconds and was taken every half hour. 
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RESULTS 
An Offner Type RS 2-channel Dynograph recorder was used 
to record some of the fluctuating concentrations as a func­
tion of time for visualization purposes. This instrument 
has a frequency response within 10 percent up to 150 cycles 
per second and 20 percent to beyond 200 cycles per second. 
Figure 13 exhibits the effect of axial position upon 
the instantaneous value of the concentration at Reynolds 
number 20,000 and dimensionless radial position 0.50 (r = 
1.00 inches). Figure 14 displays the effect of radial 
position upon the concentration fluctuations. Figure 15 
shows the variation of concentration fluctuations with 
Reynolds number. These recordings were taken upon cur­
vilinear chart paper at a speed of 25 millimeters per 
second. They are included to show the general nature of the 
turbulent fluctuations. 
A computer program was written that calculated the 
Eulerian correlation coefficient for concentration, 
C'(t) C (t+T) 
Re W = ' 
where the overbar represents time-average with respect to t. 
The calculations were made directly from the voltages from 
the recorder charts since concentration was proportional to 
voltage. The recorder chart speed was set at 125 milli­
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Figure 13. Fluctuating concentration as a function of time 
and axial position at Reynolds number 20,000 and 
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Figure 14. Fluctuating concentration as a function of time 
and radial position at Reynolds number 10,000 
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Figure 15. Fluctuating concentration as a function of time 
and Reynolds number at radial position 1.00 
inches (T] • 0.5) and axial position 33 inches 
(§ » 16.5) 
74 
the curves at every 0.01 seconds. The averaging time was 
29 seconds; therefore, at least 3,000 voltage points were 
required for one calculation of the Eulerian correlation co­
efficient as a function of time. Figure 16 shows the cor­
relation coefficient as a function of time for the three 
Reynolds numbers. In view of the fairly rapid concentration 
fluctuations with time, the slow decay of the correlation 
coefficient with time was rather surprising. The Eulerian 
correlation coefficient for velocity fluctuations behind a 
grid as shown on page 42 of Hinze (22) crosses the zero 
axis as early as 0.005 seconds. No comparable correlation 
coefficients for concentration were found in the litera­
ture. 
The concentration profiles were smoothed in the radial 
and angular directions. This was done because the original 
calculational procedure did not utilize the integration of 
the diffusion equation. And in testing the original cal­
culational program with a perturbed analytical solution, 
it appeared necessary to smooth the data. Many more points 
were pulled off the smoothed concentration curves because 
of the steepness of some of the concentration gradients. 
This defining of the concentration profiles at compact 
spacing was very helpful in the final calculational pro­
cedures which involved integration of the diffusion equation. 










































TIME IN SECONDS 
Eulerian correlation coefficient for concentra­
tion as a function of time and Reynolds number 
at axial position 39 inches (| = 19.5), radial 
position 1.00 inches (T) = 0.5), and angular 
position zero degrees 
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direction first with the experimental values of the concen­
trations from 360° to 180° folded over those values from 0° 
to 180 °. The smoothed values were then taken from these 
curves and cross-plotted versus the radial variable and 
smoothed again. In no case was the difference between the 
smoothed value and the experimental value greater than ten 
percent and in most cases the difference was less than 4 
percent. The material balances were checked by utilizing the 
definition of the quantity-of-flow-average of Equation 13 
after arranging it into dimensionless form. The material 
balances were within plus or minus 5 percent except for the 
following cases: 
(1) NRe = 5,000, Z = 23 inches, + 11 percent 
(2) NRe = 5,000, Z = 39 inches, + 7 percent 
and (3) NRe = 10,000, Z = 17 7/8 inches, - 6 percent. 
All concentrations at the particular axial position for 
which the material balance was made were multiplied by the 
factor to make f3av equal to 1.00. These smoothed values of 
normalized concentration are tabulated in APPENDIX A. The 
tables are the output of the computer under a fixed point 
format so that significant figures are not lost for the low 
concentrations. 
The velocity profiles utilized in this investigation 
were extrapolated from a tabulation of velocity profiles by 
Tichacek et al. (67). Their tabulation was the product of 
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smoothing and averaging the results of many investigators 
(12,28,41,42,47,56,59,61). The extrapolated velocity pro­
files are shown in APPENDIX A. 
The general shapes of the concentration profiles are 
shown in Figures 17 and 18. The analytic solution shown in 
these figures and referred to throughout this section is 
the solution of the two injector problem with constant dif-
fusivities and velocity. The dimensionless diffusivities 
in this solution (arr, a@@, azz) were set equal to (0.006, 
0.006, 0.060). The concentration profiles have the 
general appearance of a saddle with the stirrups cor­
responding to 90 and 270 degrees. 
The diffusivity results are summarized in Tables 1 
through 47. The results were insensitive to the distance 
over which the gradients were taken as defined on page 43. 
Tables 2 through 34 contain the results of the integra­
tion with respect to angular position from 0 to ir. The ex­
planation of the columns and column headings is given in 
Table 1. The analytical solution concentration profiles 
had a AT| spacing of 0.07 compared with that of 0.04 for the 
experimental concentration profiles. 
The average velocity utilized with the analytic solu­
tion (Tables 2 through 10) was 45.72 feet per minute which 
was the average velocity for Reynolds number 20,000. The 
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Figure 17. Normalized concentration (time-average value, (5) 
as a function of radial position at various 
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Figure 18. Normalized concentration, f3, from the 
analytical solution as a function of angular 
position at various levels of radial position 
Table 1. Explanation of column headings for Tables 2 through 34 
Column 
heading Explanation 
Dimensionless radial position,r/rw. 
Diffusivity tensor component, sq ft/min; diffusivity coefficient (at 
radial position, T|) for flux in the i direction due to a concentration 
gradient in the j direction; with an overbar (E^j) denotes a radial-
average diffusivity coefficient from 0 to T| . 
90 percent confidence interval (CI), addition and subtraction of the 
term in this column from the Ej4 value gives the upper and lower limit 




t2 t-square comparison test, i2el 
iPP n a /(n-k) E 
il where aD = maximum-likelihood estimate of „ 
^ rw uav 







number of diffusivity coefficients that are being solved 
for in the diffusion equation, also number of normal equa­
tions . 
maximum-likelihood estimate of variance of L.H.S. (bulk flow 
term) of specific diffusion equation model chosen. 
diagonal element of the inverse of matrix set up from the 
k normal equations. 
Contribution of the j term to the diffusion equation divided by the 
L.H.S. of the diffusion equation (bulk flow term); ratio listed in 
Tables 2 through 34 is for axial distance 51 inches. 
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Table 2. Diffusivities for analytic solution (Ezz, Erz and 
Ezr assumed negligible; 3 degrees of freedom)a 
Err and 
90% CI Transport 
T| sq ft/min t ratio 
0.35 0 .04503+0.00001 5.2 X 107 0.999 
0.42 0 .04506+0.00006 4.1 X 106 0 .998 
0.49 0.04514+0.0001 1.1 X 10 6 0.996 
0.56 0 .04528+0.0002 4.7 X 10 5 0.993 
0.63 0.04553+0.0002 2.7 X 105 0.991 
0.70 0.04598+0.0003 1.6 X 105 0.987 
0.77 0.04682+0.0003 1.0 X 105 0.983 
0.84 0.04857+0.0005 6.3 X 104 0.977 
0.91 0.05336+0.0007 3.4 X 104 0.965 
Analytic solution (Err, EQQ, Ezz) = (0.0457, 0.0457, 0.457) 
The column headings are explained in Table 1 on page 
80. 
Table 3. Diffusivities for analytic solution (Erz and Ezr assumed negligible; 
2 degrees of freedom)a 
Err and Ezz and 
90% CI 
t2 
Transport 90% CI Transport 
T| sq ft/min ratio sq ft/min t2 ratio 
0 .35 0.0450+0.0001 4.3xl06 0.999 0.0076+0.190 0 .014 -0.00008 
0 .42 0.0449+0.0002 6.5xl05 0.994 0.453+0.419 9.97 0.0051 
0 .49 0 .0443+0.0005 6.0xl04 0.977 -1.84+1.17 21.1 0.0209 
0 .56 0.0358+0.0119 76.9 0.785 -18.3+22.0 5.38 0.210 
0 .63 0 .0491+0.0013 1.2xl04 1.07 6.15+2.27 62.3 -0.0710 
0 .70 0.0485+0.0011 1.7xl04 1.04 3.95+1.71 46 -0.0459 
0 .77 0.0493+0.0013 1.2xl04 1.04 3.58+1.83 32.5 -0.0416 
0 .84 0.0515+0.0017 7320 1.04 3.76+2.26 23.5 -0.0436 
0 .91 0.0573+0.0031 2840 1.04 4.48+3.58 13.4 -0.0512 
Analytic solution (Err , Ee@, Ezz) = (0.0457, 0.0457, 0.457) 
3The column headings are explained in Table 1 on page 80. 
Table 4. Diffusivities for analytic solution (Ezz and Ezr assumed negligible; 
2 degrees of freedom)a 
Err and Erz and 
90% CI Transport 90% CI Transport 
T| sq ft/min t2 ratio sq ft/min t ratio 
0 .35 0 .0450+0.0003 2.2x105 0 .999 0 .0003+0.0092 0 .012 0 .0002 
0 .42 0 .0454+0.0003 2.1x10s 1 .00 -0 .0142+0.0125 10.9 -0 .006 
0 .49 0 .0457+0.0002 2.2x10s 1 .01 -0 .0306+0.0167 28.5 -0 .008 
0 .56 0 .0458+0.0003 2.2x10s 1 .01 -0 .0502+0.0257 32.5 -0 .008 
0 .63 0 .0459+0.0002 4.4x10s 0 .999 -0 .0765+0.0379 34.9 -0 .002 
0 .70 0 .0458+0.0001 8.6x105 0 .983 -0 .117+0.0583 34.1 0 .013 
0 .77 0 .0448+0.0012 1.3x104 0 .941 -0 .188+0.109 25.8 0 .052 
0 .84 0 .0407+0.0055 480 0 .820 -0 .326+0.227 17.6 0 .170 
0 .91 0 .0191+0.0348 2.57 0 .345 -0 .647+0.653 8.26 0 .635 
Analytic solution (Err, Eee ' ®zz) = (0 .0457, 0.0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 
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Table 5. Diffusivities for analytic solution (Err, Ezz, and 
EZr assumed negligible; 3 degrees of freedom)a 
Erz and 
90% CI Transport 
T| sq ft/min t2 ratio 
0 .35 1.48 + 0.16 467 0.864 
0.42 1.94 + 0.28 254 0.805 
0.49 2.63 + 0.51 144 0.725 
0.56 3.95 + 1.10 72.7 0.591 
0.63 7.91 + 4.19 19.4 0.196 
0.70 -14.0 + 16.8 3.86 1.56 
0.77 -4.37 + 0.70 216 1.22 
0.84 -2.02 + 0.09 2570 1.06 
0.91 -1.01 + 0.011 76400 0.989 
Analytic solution (Err, Eg©, Ezz) = (0.0457, 0.0457, 0.457) 
aThe column headings are explained in Table 1 on 
page 80. 
Table 6. Diffusivities for analytic solution (Ezz and Erz assumed negligible; 
2 degrees of freedom)a 
Err and E2r and 
90% CI Transport 90% CI Transport 
T| sq ft/min t2 ratio sq ft/min t2 ratio 
0 .35 0 .0450+0.0001 9.6x106 0 .999 0 .000 2+0 .0070 0.01 -0 .00006 
0 .42 0 .0450+0.0001 3.4x106 0 .996 -0 .0102+0 .0089 11.3 0 .003 
0 .49 0 .0449+0.0001 1.3xl05 0 .991 -0 .0 207+0 .0109 30.6 0 .007 
0 .56 0 .0449+0.0002 3.9x10s 0 .984 -0 .0313+0 .0151 36.5 0 .014 
0 .63 0 .0448+0.0003 1.3xl0S 0 .974 -0 .0425+0 .0194 41.2 0 .023 
0 .70 0 .0446+0.0006 4.6xl04 0 .958 -0 .0547+0 .0244 43.0 0 .038 
0 .77 0 .0445+0.0012 1.3xl04 0 .934 -0 .0665+0 .0330 34.6 0 .060 
0 .84 0 .0447+0.0022 3440 0 .899 -0 .0 745+0 .0425 26.2 0 .093 
0 .91 0 .0465+0.0052 684 0 .841 -0 .0731+0 .0551 15.0 0 .145 
Analytic solution (Err, Eee> Ezz) = (0. 0457, 0 .0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 
Table 7. Diffusivities for analytic solution (Ezz considered negligible and 
Erz and Ezr equal; 2 degrees of freedom)3 
Err and (Erz=Ezr) and 
90% CI Transport 90% CI Transport 
T] sq ft/min t2 ratio sq ft/min t2 ratio 
0 .35 0 .0450+0.0001 1.5x106 0.999 0 .0002+0 .0042 0.01 0 .00006 
0 .42 0 .0452+0.0001 2.lxlO6 1.00 -0 .0063+0 .0055 11.0 -0 .0008 
0 .49 0 .0452+0.0001 4.8xl06 0.997 -0 .0129+0 .0069 29.4 0 .0011 
0 .56 0 .0452+0.0001 4.6x106 0.992 -0 .0 201+0 .0100 34.5 0 .006 
0 .63 0 .0452+0.0001 4.7x10s 0.982 -0 .0284+0 .0134 38.4 0 .015 
0 .70 0 .0450+0.0004 7.3xl04 0.965 -0 .0386+0 .0179 39.5 0 .031 
0 .77 0 .0445+0.0012 1.2xl04 0.935 -0 .0504+0 .0262 31.6 0 .059 
0 .84 0 .0439+0.0028 2120 0.883 0 .0616+0 .0367 24.0 0 .108 
0 .91 0 .0438+0.0075 287 0.791 0 .0659+0 .0516 13.9 0 .193 
Analytic solution (Err, Eqq, EZZ) = (0. 0457, 0 .0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 





















0.35 0 .051+0.059 29 1.13 -0.16+1.63 0.4 -0 .09 .3+34 0.4 -0 .04 
0 .42 0.052+0.039 70 1.15 -0.20+1.11 1.2 -0.08 5.8+36 1.1 -0 .07 
0 .49 0 .053+0.026 172 1.17 -0.20+0.58 4.8 -0.06 11+3 5 3.5 -0 .12 
0 .56 0 .053+0.027 150 1.15 -0.08+0.12 17 -0.11 13+50 2.5 -0 .14 
0.63 0.055+0.031 128 1.21 0.15+0.75 1.7 0.00 18+60 3.7 -0 .21 
0.70 0 .063+0.039 105 1.35 0.62+1.65 5.6 -0.07 25+55 7.9 -0 .29 
0 .77 0 .085+0.051 108 1.78 1.48+2.16 19 -0.41 3 2+41 24 -0 .37 
00 o
 0.126+0.055 303 2.53 2.27+1.39 106 -1.19 30+16 139 -0 .34 
0 .91 0.216+0.0 79 302 3.91 2.71+1.33 163 -2.66 22+9 253 -0.26 
Analytic solution (Errj ®9©i Ezz) = (0 .0457, 0 .0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 
Table 9. Diffusivities for analytic solution (Ezz assumed negligible; 1 degree 
of freedom)a 
Err and Trans­ Erz and Trans­ Ezr and Trans­
90% CI 
t2 
port 90% CI port 90% CI port 
T| sq ft/min ratio sq ft/min t2 ratio sq ft/min t2 ratio 
0 .35 -0.009+0.075 0.54 -0.194 1.57+2.19 20.6 0.92 -1.19+1.66 20.6 0.27 
0 .42 0.019+0.040 9.31 0.425 0.92+1.41 16.8 0.38 -0.67+1.0 2 17.3 0.19 
0 .49 0.029+0.037 24.2 0.631 0.70+1.56 7.88 0.19 -0.49+1.06 8.58 0.18 
0 .56 0.0 28+0.030 35.0 0.610 0.88+1.54 13.2 0.13 -0.58+0.96 14.7 0.26 
0 .63 0.032+0.026 63.2 0.703 0.83+1.71 9.41 0.21 -0.50+0.93 11.2 0.28 
0 .70 0.036+0.018 158 0.769 0.92+1.87 9.52 -0.10 -0.48+0.87 12.1 0.33 
0 .77 0.043+0.004 5000 0.895 1.17+2.29 10.5 -0.33 -0.48+0.80 14.1 0.43 
0 .84 0.063+0.032 155 1.27 1.52+2.63 13.5 -0.80 -0.42+0.59 19.9 0.52 
0 .91 0.138+0.097 82.7 0.250 2.15+2.24 36.5 -2.11 -0.30+0.24 62.6 0.60 
Analytic solution (Errj 1 E00* Ezz) = (0 .0457, 0 .0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 
Table 10. Dif fusivities for analytic solution J^all terms of diffusivity tensor 
considered; zero degrees of freedom) 
Tl 




















0 .35 -0.0034 -0.076 1.43 0.0834 2.12 -0 .024 -1.16 0.266 
0 .42 0.0234 0.519 0.778 0.323 1.53 -0 .017 -0.604 0.175 
0 .49 0.0530 1.17 -0.193 -0.053 10.4 -0.118 -0 .005 0 .002 
0 .56 -0.0391 -0.859 3.28 0 .491 -41.2 0.472 -2.02 0.896 
0 .63 -0.0006 -0.013 1.71 0.042 -27.9 0.321 -1.18 0.649 
0 .70 0.0266 0.572 0.989 -0.110 —8.6 0.100 -0.631 0.438 
0 .77 0.199 4.19 2.47 -0.690 118 -1.37 1.25 -1.12 
0 .84 0.137 2.75 2.40 -1.25 35.0 -0.406 0.078 -0.098 
0 .91 0.137 2.48 2.13 -2.09 -0.40 0 .005 -0.309 0.610 
Analytic solution <Err- E 90» Ezz) = (0.0457, 0.0457, 0.457) 
aThe column headings are explained in Table 1 on page 80. 
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Table 11. Diffusivities for perturbed3 analytical solution 
(Egg, Erz, and Ezr assumed negligible; 3 degrees 
of freedom)k 
Err and 
90% CI Transport 
T] sq ft/min t ratio 
0.35 0.0444 + 0 .0013 6250 0.968 
0.42 0.0451 + 0.0019 3410 0.900 
0 .49 0.0456 + 0.0010 9910 1.03 
0.56 0.0457 + 0.0012 7930 1.05 
0.63 0 .0451 + 0.0017 3970 0.932 
0.70 0.0458 + 0.0010 112000 1.02 
0.77 0 .0469 + 0.0011 9430 0.948 
0.84 0 .0488 + 0.0055 452 0.803 
0.91 0.0545 + 0.0021 3730 1.13 
aThe perturbation of the analytic solution is explained 
on page 127. 
bThe column headings are explained in Table 1 on page 
8 0 .  
Table 12. Diffusivities for perturbed3 analytical solution (Erz and Ezr 









sq ft/min t2 
Transport 
ratio 
0 .35 0 .0427+0.0041 940 0.931 -5.5+12 1.69 0 .061 
0 .42 0 .0400+0.0056 422 0.797 -14+15 7.47 0 .155 
0 .49 0 .0514+0.0188 63.6 1.17 13+42 0 .83 -0.148 
0 .56 -0 .0133+0.0286 1.85 -0 .31 -113+54 36.4 1.30 
0 .63 0 .0453+0.0648 4.17 0.936 0.28+112 10-4 -0 .003 
0 .70 0 .0533+0.0152 105 1.18 11.6+24 2.08 -0.135 
0 .77 0 .0552+0.0093 299 1.11 11.6+13 6.73 -0 .136 
0 .84 0 .0331+0.0503 3.69 0.544 -20+64 0.85 0.236 
0 .91 0 .0459+0.0142 88.6 0.950 -9.7+16 3 .16 0.110 
aThe perturbation of the analytic solution is explained on page 127. 
^The column headings are explained in Table 1 on page 80. 
Table 13. Diffusivities for perturbed3 analytical solution (Ezz and Ezr 
assumed negligible; 2 degrees of freedom)k 
Err and Erz and 
T| 
90% CI 




sq ft/min t2 
Transport 
ratio 
0.35 0 .0492+0.0261 30.5 1.07 -0 .16+0.06 0.296 -0.096 
0.42 0 .0579+0.0227 55.3 1.15 -0 .55+0.98 2.71 -0.229 
0.49 0 .0413+0.0069 310 0.937 0 .25+0.40 3 .27 0.070 
0.56 0 .0438+0.0077 273 1.01 0 .17+0.68 0.566 0.026 
0.63 0 .0469+0.0064 457 0 .969 -0 .37+1.25 0 .736 -0 .012 
0.70 0 .0451+0.0014 8390 1 .00 -0 .38+0.59 3 .49 0.043 
0 .77 0 .0424+0.0038 1040 0.856 -0 .43+0.36 12.4 0.125 
0.84 0 .0175+0.0478 1.13 0 .287 -1 .27+1.93 3.69 0.647 
0.91 0 .0357+0.0437 5.68 0.740 -0 .37+0.86 1.57 0.341 
aThe perturbation of the analytic solution is explained on page 127. 
^The column headings are explained in Table 1 on page 80. 
93 
Table 14. Diffusivities for perturbed3 analytical solution 
(Err, Ezz, and Ezr assumed negligible; 3 degrees 
of freedom)*3 
Erz and 
90% CI Transport 
T) sq ft/min t2 ratio 
0.35 1.48 + 0 .17 439 0.873 
0.42 1.93 + 0.28 278 0.801 
0.49 2.63 + 0 .49 165 0.740 
0.56 3.92 + 1.09 71.0 0.581 
0.63 8.20 + 4.24 20.7 0.272 
0.70 -14.4 + 32.9 4.34 1.65 
0.77 -4.36 + 0.91 128 1.27 
0.84 -1.98 + 0.17 822 1.00 
0.91 -1.07 + 0 .06 1730 0.989 
aThe perturbation of the analytic solution is explained 
on page 127. 
^The column headings are explained in Table 1 on page 
80. 
Table 15. Diffusivities for perturbed3, analytical solutions (Ezz and Erz assumed 
negligible; 2 degrees of freedom)b 
Err and Ezr and 
90% CI Transport 90% CI Transport 
Ï) sq ft/min t ratio sq ft/min t^ ratio 
0.35 0.0434+0 .0028 1970 0 .946 -0 .20+0 .08 1.46 0 .045 
0.42 0.0428+0 .0030 1770 0 .854 -0 .33+0 .38 6.57 0 .096 
0 .49 0.0472+0 .0036 1470 1 .07 0 .17+0 .34 2.08 -0.061 
0.56 0.0469+0 .0071 369 1 .08 0 .09+0 .51 0.26 -0 .039 
0.63 0.0411+0 .0099 150 0 .850 -0 .22+0 .54 1.47 0.122 
0 .70 0.0416+0 .0057 458 0 .924 -0 .17+0 .23 4.69 0 .117 
0.77 0.0407+0 .0051 543 0 .821 -0 .18+0 .15 13 .1 0.163 
0.84 0.0263+0 .0482 2.53 0 .432 -0 .43+0 .91 1.90 0.535 
0.91 0 .0560+0 .0427 14.7 1 .16 0 .0 2+0 .31 0 .01 -0 .031 
aThe perturbation of the analytic solution is explained on page 127. 
^The column headings are explained in Table 1 on page 80. 
Table 16. Diffusivities for perturbed3, analytical solution (considered Ezz 









sq ft/min 2 t 
Transport 
ratio 
0 .35 0 .0471+0.0081 263 1.03 -0.11+0.34 0.89 -0.040 
0 .42 0 .0485+0.0049 847 0 .968 —0.22+1.0 4 .62 -0.028 
0 .49 0 .0448+0.0017 610 1.02 0.11+0.19 2.56 -0.008 
0 .56 0 .0459+0.0018 5030 1.05 0.06+0.31 0.36 -0.018 
0 .63 0 .0432+0.0056 520 0.893 -0.14+0.10 1 .17 0 .074 
0 .70 0 .0426+0.0045 782 0.946 -0.12+0.33 4.51 0.096 
0 .77 0 .0410+0.0051 547 0.828 -0.13+0.11 11.8 0.156 
0 .84 0 .0235+0.0478 2.1 0.386 -0.34+0.63 2.44 0.582 
0 .91 0 .0518+0.0495 9.3 1.07 -0.02+0.34 0 .03 0 .053 
aThe perturbation of the analytic solution is explained on page 127. 
bThe column headings are explained in Table 1 on page 80. 
Table 17. Diffusivities for perturbed analytical solution (Ezr assumed 
negligible; 1 degree of freedom)b 
Err and 
90% CI 
















0 .35 0 .011+0 .019 14.9 0 .25 0 .90+0 .53 114 0 .53 -20+10 185 0.23 
0 .42 -0 .00 2+0 .074 0.04 -0 .05 1 .37+2 .38 13.1 0 .57 -42+51 27.4 0.47 
0 .49 0 .012+0 .004 272 0 .26 0 .81+0 .09 3370 0 .23 -45 + 7 1810 0.51 
0 . 56 -0 .011+0 .052 1.68 -0 .24 0 .0 7+0 .32 2.04 0 .01 -106+100 44.6 1.22 
0 .63 0 ,000+0 .033 10-3 0 .00 -1 .36+0 .81 114 -0 .05 -89+117 82.9 1.03 
0 .70 0 .012+0 .175 0.19 0 .26 -1 .73+7 .23 2.29 0 .20 -48+250 1.44 0.55 
0 .77 0 .010+0 .141 0 . 19 0 .19 -1 .50+4 .60 4.20 0 .43 -30+131 2.16 0 .36 
0 .84 0 .00 2+0 .068 0.02 0 .03 -1 .28+2 .25 13 .4 0 .65 -20+52 6.21 0 . 24 
0 .91 0.030+0 .043 20.0 0 .62 -0 .32+0 .81 6.38 0 .30 -9+18 9.67 0.10 
aThe perturbation of the analytic solution is explained on page 127. 
^The column headings are explained in Table 1 on page 80. 
Table 18. Diffusivities for perturbed3 analytical solution (Ezz assumed 
negligible; 1 degree of freedom)^ 
Err and Trans- Erz anc^ Trans- Ezr an<^ Trans-
90% CI port 90% CI port 90% CI 2 port 
"P sq ft/min t2 ratio sq ft/min t2 ratio sq ft/min t ratio 
0.35 0.010+0.024 6.35 0.21 1.0+0.7 77.6 0.60 -0.84+0.49 117 0.19 
0.42 -0.00 2+0.040 0.11 -0.05 1.7+1.7 41.7 0.70 -1.19+0.86 76.7 0.34 
0.49 -0.001+0.0 24 0.01 -0.01 2.0+1.0 151 0.55 -1.30+0.86 116 0.47 
0.56 -0.003+0.006 12.5 -0.08 2.4+0.3 2939 0.36 -1.62+0.20 2580 0.71 
0.63 0.001+0.085 0.01 0.03 3.0+7.3 8.89 0.10 -1.64+3.05 11.6 0.90 
0.70 0.029+0.106 2.90 0.64 1.5+12 0.60 -0.17 -0.81+12.5 0.95 0.56 
0.77 0.038+0.092 6.89 0.77 0.6+24 0.03 -0.18 -0.44+9.67 0.08 0.40 
0.84 0.012+0.143 0.28 0.20 -2.9+19 0.90 1.47 0.65+7.49 0.30 -0.81 
0.91 0.038+0.067 12.7 0.78 -0.7+1.7 6.1 0.62 0.19+0.67 3.02 -0.36 
aThe perturbation of the analytic solution is explained on page 127. 
bThe column headings are explained in Table 1 on page 80. 
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Table 19. Diffusivities for Reynolds number 20,000 (Ezz, 
Erz, and Ezr assumed negligible; 3 degrees of 
freedom)a 
Err and 
90% CI Transport 
T] sq ft/min t^ ratio 
0 .20 0.04217 + 0.00589 283.8 1.082 
0.28 0.04588 + 0.00476 515.2 1.066 
0.36 0.04759 + 0.00381 859.6 1.035 
0 .44 0.04842 + 0.00533 456.6 0.977 
0.52 0.04908 + 0.00772 224.2 0.928 
0 .60 0.04906 + 0.00825 195.9 0.915 
0.68 0.04827 + 0.00795 204.3 0.952 
0.76 0.04661 + 0.00930 139.2 1.051 
0.84 0.04108 + 0.01075 80.8 1.128 
0 .92 0.02922 + 0.01159 35.2 1.281 
aThe column headings are explained in Table 1 on page 
80. 
Table 20. Diffusivities for Reynolds number 20,000 (Erz and Ezr assumed negli­









sq ft/min t2 
Transport 
ratio 
0.20 0.0426+0.0101 150 1.09 6+73 0.01 -0.041 
0.28 0.0408+0.0229 27 0.948 -27+116 0.46 0.177 
0.36 0.0385+0.0065 299 0 .836 -28+19 18.3 0.196 
0.44 0.0385+0.0189 162 0.776 -21+18 12.3 0.152 
0.52 0.0367+0.0122 77 0.694 -19+17 10.2 0.140 
0.60 0.0360+0.0132 63 0.671 -15+14 9.9 0.111 
0.68 0.0346+0.0122 69 0.682 -13+11 12.5 0.087 
0.76 0.0302+0.0108 67 0.680 -14+8 22.9 0.075 
0.84 0.0238+0.0105 44 0.654 -15+8 27.6 0.035 
0.92 0.0135+0.0167 5.6 0.592 -27+26 9.4 -0.332 
aThe column headings are explained in Table 1 on page 80. 
Table 21. Diffusivities for Reynolds number 20,000 (Ezz and Ezr assumed 
negligible; 2 degrees of freedom)a 
Err and Erz an<^ 
90% CI Transport 90% CI Transport 
T| sq ft/min t ratio sq ft/min t2 ratio 
0 .20 0 .0187+0 .0278 3.9 0 .481 0 .514+0.606 6.24 0 .503 
0 .28 0 .0301+0 .0204 18.4 0 .698 0 .443+0.558 5.28 0 .287 
0 .36 0 .0368+0 .0152 49.5 0 .801 0 .382+0.530 4.41 0 .167 
0 .44 0 .03 71+0 .0162 44.7 0 .748 0 .521+0.719 4.51 0 .147 
0 .52 0 .03 75+0 .0147 55.7 0 .710 0 .718+0.842 6.24 0 .101 
0 .60 0 .0409+0 .0106 127 0 .762 0 .834+0.926 7.29 0 .0003 
0 .68 0 .0471+0 .0054 647 0 .928 1 .07+1.06 8.51 -0 .190 
0 .76 0 .0714+0 .0245 72.2 1 .61 2 .16+2.07 9.24 -0 .950 
0 .84 -0 .03 73+0 .0509 4.6 -1 .02 -2 .40+0.55 20.4 1 .91 
0 .92 -0 .0200+0 .0185 10.0 -0 .878 -0 .690+0.255 62.5 2 .14 
aThe column headings are explained in Table 1 on page 80. 
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Table 22. Diffusivities for Reynolds number 20,000 (Err, 
Egg, and EZr are assumed negligible; 3 degrees of 
freedom)a 
Erz and 
90% CI Transport 
T| sq ft/min t2 ratio 
0.20 0.915 + 0.105 398 0.894 
0.28 1.26 + 0.22 182 0.813 
0.36 1.63 + 0.38 104 0.712 
0.44 2.09 + 0.64 61.2 0.591 
0.52 2.69 + 0.17 29.5 0.379 
0.60 3.78 + 2.64 11.4 0.001 
0.68 3.1 + 12.4 0.36 -0.558 
0.76 -3.70 + 2.02 18.5 1.63 
0.84 -1.27 +0.18 283 1.01 
0.92 -0.417 + 0.069 202 1.30 
aThe column headings are explained in Table 1 on page 
80. 
Table 23. Diffusivities for Reynolds number 20,000 (Ezz and Erz assumed 
negligible; 2 degrees of freedom)a 
Err and Ezr and 
90% CI Transport 90% CI Transport 
n sq ft/min e ratio sq ft/min t2 ratio 
0 .20 0 .0418+0.0082 221 1.07 0.35+1.46 0.48 -0 .042 
0 .28 0 .0456+0.0055 582 1.06 0.35+0.84 1.50 -0.058 
0 .36 0 .0476+0.0041 1154 1.04 0.29+0.60 2.02 -0.065 
0 .44 0 .0493+0.0061 540 0.994 0.39+0.84 1.77 -0.112 
0 .52 0 .0521+0.0102 222 0.985 0.58+1.16 2.10 -0.221 
0 .60 0 .0555+0.0151 116 1.04 0.66+1.27 2.34 -0.340 
0 .68 0 .0613+0.0237 56.9 1.21 0.77+1.32 2.86 0.542 
0 .76 0 .0868+0.0722 12.3 1.96 1.37+2.45 2.67 -1.39 
0 .84 -0 .0397+0.293 0.16 -1.09 -1.63+5.91 0 .65 2.72 
0 .92 -0 .0389+0.0664 2.93 -1.70 -0.74+0.75 9.10 3.59 
aThe column headings are explained in Table 1 on page 80. 
Table 24. Diffusivities for Reynolds number 20,000 (Ezz considered negligible 
and Erz and Ezr equal; 2 degrees of freedom)a 
Err and (Erz=Ezr) and 
90% CI Transport 90% CI Transport 
7| sq ft/min t ratio sq ft/min t2 ratio 
0.20 0.0301+0.0248 12.6 0.773 0.26+0.52 2.15 0.222 
00 CN o
 0.0383+0.0140 64.2 0 .891 0.21+0.36 2.80 0.100 
0.36 0.0428+0.00890 198 0.931 0.17+0.29 2.93 0.037 
0.44 0.0440+0.00940 187 0.888 0.23+0.40 2.75 -0.002 
0.52 0.0455+0.00900 221 0.861 0.34+0.52 3.53 -0.080 
0.60 0.0492+0.00740 382 0.918 0.39+0.59 3.82 -0.200 
CO XV O
 0.0557+0.0124 174 1.10 0.47+0.65 4.41 -0.410 
0.76 0.0845+0.0545 20.5 1.91 0.9311.32 4.21 -1.32 
0 .84 -0.0794+0.0186 1.54 -2.18 -1.50+2.32 3.56 3.81 
0.92 -0.0312+0.0415 4.82 -1.37 -0.38+0.25 18.4 3 .00 
3The column headings are explained in Table 1 on page 80. 
Table 25. Diffusivities for Reynolds number 20,000 (Ezr assumed negligible; 
1 degree of freedom)a 
Err and „ Er_ and ^ 
rr Trans- rz Trans- tz2 ana Trans-
90% CI port 90% CI port 90% CI port 
V\ sq ft/min t ratio sq ft/min t2 ratio sq ft/min t2 ratio 
0.20 0.007+0.044 1.22 0.20 0.73+0.91 25.7 0.71 -21+13 5.70 0.13 
0.28 0.026+0.046 12.0 0.59 0.44+0.91 6.25 0.28 -25+82 1.45 0.17 
0.36 0.038+0.027 80.4 0.83 0.01+1.85 0.002 0.49 -28+63 2.18 0.19 
0.44 0.044+0.009 884 0.89 -1.12+1.50 22.1 -0.32 -60+54 49.5 0.44 
0.52 0.036+0.011 438 0.68 -3.17+6.03 11.0 -0.45 -98+151 16.7 0.73 
0.60 0.007+0.022 0.27 0.13 -5.5+15.7 4.84 -0.002 -111+275 6.49 0.81 
0.68 -0.032+0.106 3.57 -0.63 -5.88+9.36 15.7 1.05 -82+110 22.1 0.55 
0.76 -0.049+0.150 4.27 -1.11 -4.26+8.04 11.2 1.87 -39+49 26.0 0.21 
0.84 -0.002+0.285 0.002 -4.85 -0.99+10.9 0.33 0.78 -9+67 0.75 0.02 
0.92 -0.013+0.028 8.67 -5.67 -0.53+0.52 39.6 1.61 -9+22 6.16 -0.11 
aThe column headings are explained in Table 1 on page 80 
Table 26. Diffusivities for Reynolds number 20,000 (Ezz assumed negligible; 1 
degree of freedom)a 
Err Trans- rz Trans- Ezr and Trans-
90% CI port 90% CI port 90% CI 2 port 
H sq ft/min t ratio sq ft/min t2 ratio sq ft/min t ratio 
0.20 0 .0002+0.0054 0.04 0 .004 0 .94+0.12 2375 0 .92 -0 .69+0 .16 714 0 .08 
0 .28 0 .0000+0.0028 0.01 0 .001 1 .31+0.09 7920 0 .85 -0 .94+0 .10 3810 0 .15 
0.36 -0 .001+0.001 36 -0 .02 1 .72+0.03 9200 0 .75 -1 .23+0 .04 57,700 0 .27 
0 .44 0 .002+0.005 5.51 0 .04 2 .01+0.20 3930 0 .57 -1 .37+0 .18 2270 0 .40 
0.52 0 .005+0.002 1.38 0 .09 2 .26+0.12 15,600 0 .32 -1 . 56+0 .11 7760 0 . 60 
0.60 0 .009+0.007 75.4 0 .17 2 .48+0.35 1900 0 .001 -1 .61+0 .34 885 0 .82 
0.68 0 .014+0.016 31.7 0 .29 3 .12+1.05 353 -0 .56 -1 .79+0 .89 163 1 .26 
0.76 0 .031+0.046 18.2 0 .67 5 .59+3.92 81.4 -2 .46 -2 .72+2 .46 33.3 2 .76 
0.84 -0 .049+0.298 1.09 -1 .35 -2 .3+5.1 8.18 1 .82 -0 .31+7 .7 0.085 0 .51 
0.92 -0 .013+0.099 0.70 -0 .58 -0 .9+2.1 6.30 2 .65 0 .20+2 .1 0.257 -0 .97 
3The column headings are explained in Table 1 on page 80. 
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Table 27. Diffusivities for Reynolds number 10,000 (Ezz, 
Erz, and Ezr assumed negligible; 3 degrees of 
freedom)a 
Err and 
90% CI Transport 
T) sq ft/min t2 ratio 
0.20 0.0261 + 0.0030 419 1.143 
0.28 0.0262 + 0.0014 190 2 1.006 
0.36 0.0266 + 0.0023 770 0.929 
0.44 0.0271 + 0.0036 314 0.906 
0.52 0.0262 + 0.0055 124.2 0.909 
0.60 0.0242 + 0.0073 61.9 0.938 
0.68 0.0216 + 0.0083 37.4 0.978 
0.76 0.0188 + 0.0084 28.0 1.081 
0.84 0.0151 + 0.0078 20.9 1.36 
0.92 0.0094 + 0.0079 7.7 2.55 
aThe column headings are explained in Table 1 on page 
80. 
Table 28. Diffusivities for Reynolds number 10,000 (Erz and Ezr assumed 
negligible; 2 degrees of freedom)a 
Err and Ezz and 
T1 
90% CI 




sq ft/min t2 
Transport 
ratio 
0 .20 0.0235+0.0168 16.8 1.03 -0 .001+0.007 0.21 0.141 
0 .28 0.0249+0.0046 249 0.957 -3.6+11.8 0.78 0.047 
0 .36 0.0243+0.0052 187 0.848 -4.1+8.3 2.1 0.055 
0 .44 0 .0232+0.0062 120 0.774 -4.9+6.7 4.6 0.065 
0 .52 0 .0201+0.0063 85.6 0.696 —6.1+6.8 11.0 0.078 
0 .60 0.0166+0.0063 57.7 0.643 -6.7+4.7 17.5 0.080 
0 .68 0 .0134+0.0064 37.8 0.607 -6.9+4.4 21.4 0.070 
0 .76 0.0107+0.0054 33.0 0.614 —7.0+3.8 29.4 0.051 
0 .84 0.0072+0.0041 27.8 0.651 —8.3+3.4 49.3 0.0002 
0 .92 0.0034+0.0152 0.430 0.930 -19.5+41.1 1.9 -1.07 
a 
The column headings are explained in Table 1 on page 80. 
Table 29. Diffusivities for Reynolds number 10,000 (Ezz and Ezr assumed 









sq ft/min t2 
Transport 
ratio 
0 .20 0 .0076+0.0182 1.50 0.334 0.335+0.338 8.89 0.671 
0 .28 0.0223+0.0144 20.6 0.858 0.097+0.358 0.63 0.127 
0 .36 0.0217+0.0117 29.3 0.757 0.158+0.366 1.58 0.138 
0 .44 0.0 202+0.0092 40.4 0.673 0.291+0.368 5.34 0.174 
0 .52 0.0179+0.0064 66.2 0.620 0.521+0.366 17.4 0.191 
0 .60 0.0177+0.0038 179 0.685 0.880+0.407 39.8 0.113 






1.84+0.689 60.7 -0.310 
0 .76 0.0190+0.113 0.24 1.09 0.021+10.6 0.00003-0.017 
0 .84 -•0.0081+0.0193 1.50 -0.727 -0.976+0.790 13.0 2.17 
0 .92 «0 .0057+0.0031 1.33 -1.56 -0.323+0.293 10.4 4.01 
aThe column headings are explained in Table 1 on page 80. 
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Table 30. Diffusivities for Reynolds number 10,000 (Err, 
Ezz, and Ezr assumed negligible; 3 degrees of 
freedom)a 
Erz and 
90% CI Transport 
T) sq ft/min t2 ratio 
0.20 0.472 + 0.031 1310 0.945 
0.28 0.648 ± 0.104 219 0.849 
0.36 0.820 + 0.209 85.4 0.720 
0.44 1.05 + 0.35 52.0 0.630 
0.52 1.44 + 0.59 33.2 0.528 
0.60 2.34 + 1.59 12.0 0.302 
0.68 -0.86 + 8.46 0.057 0.145 
0.76 -1.75 + 0.83 24.7 1.45 
0.84 -0.653 + 0.154 99.6 1.45 
0 .92 -0.214 + 0.083 36.8 2.66 
aThe column headings are explained in Table 1 on page 
80. 
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Table 31. Diffusivities for Reynolds number 5,000 (Ezz, 
Erz* and E2r assumed negligible; 3 degrees of 
freedom)a 
Err and 
90% CI Transport 
T| sq ft/min t2 ratio 
0.20 0.0147 + 0.0047 42.3 0.478 
0.28 0.0152 + 0.0044 66.8 0.540 
0.36 0.0149 + 0.0023 112.5 0.667 
0.44 0.0138 + 0.0020 272.7 0.806 
0.52 0.0121 + 0.0011 615.4 0.884 
0.60 0.00991 + 0.00117 397.2 0.922 
0.68 0.00747 + 0.00146 145.6 0.908 
0.76 0.00503 + 0.00153 59.8 0.832 
0.84 0.00287 + 0.00127 28.5 0.724 
0.92 0.00134 + 0.00077 16.8 0.798 
aThe column headings are explained in Table 1 on page 
80. 
Table 32. Diffusivities for Reynolds number 5,000 (Erz and Ezr assumed negligible; 




sq ft/min t2 
Transport 
ratio 
E z z  and 
90% CI 
sq ft/min t2 
Transport 
ratio 
0 .20 0.0161+0.0049 92.1 0.526 -4.0+5.5 4.50 0.135 
0 .28 0.0161+0.0036 165.5 0.572 -3.9+4.9 5.34 0.130 
0 .36 0.0150+0.0026 292 0.672 -4.2+5.2 5.69 0.138 
0 .44 0.0129+0.0018 443 0.754 -4.9+5.7 6.37 0.154 
0 .52 0.00 798+0.00425 30.1 0.585 -12.2+12.5 8.12 0.366 
0 .60 0.00791+0.00944 6.00 0.737 -5.2+24.3 0.392 0.147 
0 .68 0.00543+0.00663 5.71 0.660 -6.5+20.3 0.881 0.166 
0 .76 0.00258+0.00482 2.45 0.426 -13.8+25.6 2.48 0.305 
0 .84 0.00206+0.00261 5.34 0.520 -18.6+48.9 1.23 0.300 
0 .92 0.00132+0.00136 8.09 0.786 0.3+10.5 0.0066 0.0056 
aThe column headings are explained in Table 1 on page 80. 
Table 33. Diffusivities for Reynolds number 5,000 (Ezz and Ezr assumed negligible; 
2 degrees of freedom)a 
Err and Erz and 
90% CI Transport 90% CI Transport 
T] sq ft/min t'2 ratio sq ft/min J2- ratio 
0 .20 -0 .00196+0.0059 3.75 -0 .064 0 .285+0 .049 285 1 .10 
0 .28 -0 .00523+0.0142 1.16 -0 .186 0 .487+0 .335 18.1 1 .31 
0 .36 0 .00006+0.0489 10-5 0 .003 0 .483+1 .59 0.788 0 .928 
0 .44 0 .0199+0.0225 6.66 1 .17 -0 .292+0 .481 0.641 -0 .410 
0 .52 0 .0143+0.0070 35.4 1 .05 -0 .178+0 .194 0.895 -0 .162 
0 .60 0 .0101+0.0052 31.4 0 .937 -0 .036+1 .144 0.009 -0 .015 
0 .68 0 .0051+0.0059 6.40 0 .622 -0 .712+0 .286 1.48 0 .090 
0 .76 0 .0019+0.0050 1.19 0 .309 -0 .374+0 .570 3.67 0 .433 
0 .84 -0 .0001+0.0179 0 .03 -0 .028 -0 .266+0 .162 23.1 1 .00 
0 .92 -0 .00007+0.0026 0.006 -0 .041 -0 .090+0 .156 2.82 1 .76 
aThe column headings are explained in Table 1 on page 80. 
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Table 34. Diffusivities for Reynolds number 5,000 (Err, 
Ezz, and Ezr assumed negligible; 3 degrees of 
freedom)a 
Erz and 
90% CI _ Transport 
T| sq ft/min t2 ratio 
0.20 0.253 + 0.013 2259 0.978 
0.28 0.365 + 0.041 440 0.978 
0.36 0.485 ± 0.091 158 0.932 
0.44 0.643 + 0.168 81.1 0.902 
0.52 0.920 + 0.324 44.8 0.837 
0.60 2.03 ; t 1.04 21.0 0.840 
0.68 -2.13 + 3.61 58.5 0.270 
0.76 -0.578 + 0.131 109 0.670 
0.84 -0.257 + 0.031 387 0.968 
0.92 -0.086 + 0.030 44.7 1.68 
aThe column headings are explained in Table 1 on page 
80. 
Table 35. Explanation of column headings for Tables 36 through 47 
Column 
headings Explanation 
T| Dimensionless radial position, r/rw. 
Err Radial diffusivity tensor component (at radial position, T|) t sq ft/min. 
Ej. .* Radial-average diffusivity coefficient, sq ft/min, (from Tj-0.07 to 
TI-+0.07 for analytic solution) ; (from T|-0.08 to T]+0 .08 for experimental 
Reynolds numbers 20,000, 10,000, and 5,000); for flux in the i direction 
due to a concentration gradient in the j direction. 
90% CI 90.percent confidence interval (CI), addition and subtraction of the 
term in this column from the Ejj value gives the upper and lower limit 
of the 90 percent confidence interval (CI). 
, (ap)2 
tz t-square comparison test, = 
aPP n a /(n-k) e 
where an = maximum-likelihood estimate of LT\ — xiu iii xxx xiivuu KJ J. ^ n P rw uav 
n = sample size, specifically =28 (7 angular x 4 axial positions) 
k = number of diffusivity coefficients that are being solved for 
in the diffusion equation, also number of normal equations 
/x2 
a — maximum-likelihood estimate of variance of L.H.S. (bulk flow 
term) of specific diffusion equation model chosen 
aPP = diagonal element of the inverse of matrix set up from the k 
normal equations. 
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Table 36. Diffusivities for analytic solution (Ezz, Erz, 
Ef@, E©r, E©z, and Ez6 considered negligible; 






sq ft/min t2 
0.07 0.0457 0.0465+0.0000 2,709,000 
0.14 0.0457 0.0465+0.0001 1,793,000 
0.21 0.0457 0.0466+0.0001 808,000 
0.28 0.0457 0.0466+0.0001 361,000 
0.35 0.0457 0.0467+0.0001 192,000 
0.42 0.0457 0.0468+0.0002 117,000 
0.49 0.0457 0.0469+0.0002 82,000 
0.56 0.0457 0.0470+0.0003 63,500 
0.63 0.0457 0.0471+0.0003 52,600 
0.70 0.0457 0.0472+0.0003 45,800 
0.77 0.0457 0.0472+0.0004 41,500 
0.84 0.0457 0.0473+0.0004 38,600 
Analytic solution (Err, Egg, Ezz)=(0.0457, 0 .0457, 0.457) 
aThe column headings are explained in Table 35 on page 
114. 
Table 37. Diffusivities for analytic solution (Ezz, Erz, Ezr, EQz, and Ez@ 






sq ft/min t2 
Erg* and 
90% CI 
sq ft/min t2 














0 .21 0 .0457 0 .0466+0.0055 210 0 .0000+0.0026 0.00 




























0 .56 0 .0457 0 .0470+0.0165 24 0.0000+0.0087 0.00 







0 .70 0 .0457 0.0472+0.0222 13 0.0000+0.0143 0.00 














Analytic solution (Err; Egg, Ezz) =(0 .0457, 0.0457, 0.457) 
aThe column headings are explained in Table 35 on page 114, 
Table 38. E'if fusivities for analytic solution (Ezz, Erz, Ezr, E^^, and E0r 






sq ft/min t2 
E0Z* and 
90% CI 
sq ft/min t2 
0.07 0.0457 0.0465+0.0044 337 0.00+0.96 0 .00 
0.14 0.0457 0.0465+0.0047 287 0.00+0.72 0.00 
0 .21 0.0457 0 .0466+0.0055 210 0.00+0.63 0 .00 
0.28 0.0457 0 .0466+0.0068 136 0.00+0.61 0 .00 
0 .35 0.0457 0 .0467+0.0087 84 0.00+0.61 0.00 
0 .42 0 .0457 0.0468+0.0111 52 0.00+0.58 0 .00 
0.49 0.0457 0.0469+0.0136 34 0.00+0.56 0.00 
0.56 0.0457 0 .0470+0.0165 24 0.00+0.49 0.00 
0.63 0.0457 0.0471+0.0194 17 0 .00+0.45 0.00 
0.70 0.0457 0.0472+0.0222 13 0.00+0.42 0.00 
0.77 0.0457 0.0472+0.0249 10 0.00+0.40 0 .00 
0.84 0.0457 0.0473+0.0275 8.6 0.00+0.38 0.00 
Analytic solution (®rri Ezz) = .0457, 0.0457, 0.457) 
aThe column headings are explained in Table 35 on page 114. 
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Table 39. Diffusivities for Reynolds number 20,000 (Ezz, 
Erz, Ezr, Ere, Eer, E6z, and E^ considered 
negligible; 27 degrees of freedom)a 
*ëê* and 
Err 90% CI 
T] sq ft/min sq ft/min t2 
0.08 0 .0356 0.0221+0.0031 140 
0.20 0.0422 0 .0365+0.0037 274 
0.32 0.0466 0.0431+0.0032 522 
0.44 0.0485 0.0430+0.0048 226 
0.56 0.0492 0.0437+0.0040 340 
0.68 0.0485 0.0420+0.0030 568 
0 .80 0.0442 0.0392+0.0023 825 
0.92 0 .0288 0.0370+0.0049 169 
aThe column headings are explained in Table 35 on 
page 114. 
Table 40. Diffusivities for Reynolds number 20,000 (Ezz> Erz> Ezr, Eqz, and 
Ez© considered negligible and Eer equal to Ej-9; 26 degrees of 
freedom)a 





sq ft/min t2 
90% CI 
sq ft/min t2 
0.08 0 .0356 0.0220+0.0032 134 0.0023+0.0021 3.52 
0.20 0 .0422 0.0366+0.0036 300 -0.000 7+0.0019 0.43 
0.32 0 .0466 0.0434+0.0037 391 -0 .0017+0.0017 2.73 
0 .44 0.0485 0.0432+0.0092 65 -0 .00 28+0.0043 1.21 
0.56 0.0492 0.0440+0.0139 29 -0.0037+0.0067 0.88 
0.68 0.0485 0.0422+0.0189 15 -0.0026+0.0093 0.23 
0.80 0.0442 0.0391+0.0228 8.5 -0.0020+0.0151 0.05 
0.92 0.0288 0.0371+0.0254 6.2 0.0008+0.0299 0 .00 
aThe column headings are explained in Table 35 on page 114. 
Table 41. Dif fusivities for Reynolds number 20,000 (Ezz, Erz, Ezr, ErQ, and E@r 






sq ft/min t2 
90% CI 




 0 .0356 0.0219+0.0034 120 0 .20+0 .44 0.61 
0.20 0.0422 0.0370+0.0035 327 -0.21+0.23 2.56 
0.32 0.0466 0.0433+0.0043 481 -0.28+0.16 9.33 
0.44 0.0485 0.0426+0.0092 63 -0.23+0.43 0.79 
0.56 0.0492 0.0441+0.0142 28 0.11+0.48 0.15 
0 .68 0.0485 0.0422+0.0190 14 0.07+0.35 0.11 
0.80 0.0442 0.0393+0.0229 8.6 0.03+0.27 0.04 
0.92 0.0288 0.0370+0.2514 6.3 -0.02+0.20 0.03 
clThe column headings are explained in Table 35 on page 114. 
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Table 42. Diffusivities for Reynolds number 10,000 (Ezz, 
Erz, Ezr, Er6, E@r, E6z and Ezô considered 
negligible; 27 degrees of freedom)3 
Eee* and 
90% CI 
0.08 0.0224 0.0169+0.0022 160 
0.20 0.0260 0.0239+0.0022 348 
0.32 0.0268 0.0243+0.0021 386 
0.44 0.0268 0.0239+0.0032 166 
0.56 0.0254 0.0241+0.0033 149 
0.68 0.0218 0.0245+0.0020 426 
0.80 0.0170 0.0279+0.0027 297 
0.92 0.0084 0.0289+0.0037 170 
aThe column headings are explained in Table 35 on page 
114. 
Table 43. Diffusivities for Reynolds number 10,000 (Ezz, Erz, Ezr, E@z, and Ez© 
considered negligible and E©r equal to E^.©; 26 degrees of freedom)a 
Err 
E0©* and Er©* and 
90% CI 90% CI 
n sq ft/min sq ft/min t2 sq ft/min t2 
0 .08 0 .0224 0.0169+0.0021 188 0.0014+0.0013 3.57 
0.20 0.0260 0.0238+0.0028 204 0.0011+0.0014 1.67 
0.32 0.0268 0.0243+0.0031 170 -0.0001+0.0015 0.00 
0.44 0.0268 0.0238+0.0058 48 -0.0012+0.0028 0.53 
0.56 0 .0254 0.0 240+0.0090 21 -0 .0014+0.0044 0.29 
0.68 0.0218 0.0245+0.0120 12 -0.0000+0.0062 0.00 
0.80 0.0170 0.0279+0.0158 9.1 0.0011+0.0116 0.04 
0.92 0.0088 0.0290+0.0178 7.8 -0.0019+0.0148 0.05 
aThe column headings are explained in Table 35 on page 114. 
Table 44. Diffusivities for Reynolds number 10,000 (Ezz, Erz, Ezr, Er©, and E@r 
considered negligible and Ezg equal to E@z; 26 degrees of freedom)a 
Eee* and E©z* and 
Err 90% CI 
t2 
90% CI o 







0 .0224 0.0169+0.0021 174 0.16+0.24^ 1.20 
0 .20 0 .0260 0.0240+0.0029 199 -0.09+0.18 0.72 
0.32 0 .0268 0.0242+0.0031 176 -0.09+0.14 1.18 
0.44 0 .0268 0.0237+0.0060 46 -0.04+0.25 0.07 
0.56 0.0254 0.0242+0.0091 21 0.02+0.25 0.03 




 0 .0170 0.0278+0.0157 9.1 -0.02+0.15 0.06 
0.92 0.0088 0.0290+0.0178 7.8 0.01+0.10 0.03 
aThe column headings are explained in Table 35 on page 114. 
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Table 45. Diffusivities for Reynolds number 5,000 (Ezz, Erz, 
Ezr, Ere, E©r, E©z> and Ez© considered negligible; 
27 degrees 'of freedom)a 
Egg* and 
Err 90% CI 
T) sq ft/min sq ft/min t2 
0.08 0.0125 0.0054+0.0011 75 
0.20 0.0147 0.0085+0.0015 92 
0.32 0.0151 0.0112+0.0019 111 
0.44 0.0137 0.0148+0.0022 137 
0.56 0.0110 0.0184+0.0023 185 
0.68 0.00737 0.0226+0.0022 306 
0.80 0.00400 0.0263+0.0027 264 
0.92 0.00137 0.0236+0.0033 150 
3The column headings are explained in Table 35 on page 
114. 
Table 46. Diffusivities for Reynolds number 5,000 (Ezz, Erz, Ezr, EQz, and Ez@ 
considered negligible and E@r equal to Er6; 26 degrees of freedom)a 
E©e* and Ere* and 
Err 90% CI 90% CI 
t2 T1 sq ft/min sq ft/min t2 sq ft/min 
0 .08 0 .0125 0.0054+0.0013 47.2 0.0006+0.0010 0.94 
0.20 0 .0147 0 .0083+0.0023 36.9 0.0008+0.0017 0.57 
0.32 0 .0151 0.0113+0.0037 27.3 0.0005+0.0025 0.11 
0.44 0 .0137 0.0147+0.0055 20.3 0.0001+0.0033 0 .00 
0.56 0 .0110 0.0183+0.0083 14.4 -0.0004+0.0043 0.02 
0.68 0 .00737 0.0226+0.0116 11.1 -0 .0003+0 .0058 0.01 
0 .80 CI .00400 0.0262+0.0141 10.1 -0.000 2+0.0074 0 .00 
0.92 0 .00137 0.0236+0.0131 9.5 -0.0001+0.0076 0 .00 
aThe column headings are explained in Table 35 on page 114. 
Table 47. Diffusivities for Reynolds number 5,000 (Ezz, Erz, Ezr, Er©, and E©r 






sq ft/min t2 
E©z* and 
90% CI 
sq ft/min t2 
0 .08 0 .0125 0.00531+0.00135 45.0 -0.07+0.18 0 .52 
0.20 0 .0147 0 .00820+0.00234 35.6 -0.06+0.14 0.59 
0.32 0 .0151 0 .0112+0.0038 26.5 -0.01+0.13 0 .01 
0.44 0 .0137 0.0147+0.0055 20.2 0 .004+0.14 0 .00 
0.56 0 .0110 0 .0184+0.0083 14.4 0.02+0.13 0 .06 
0.68 0 .00737 0.0228+0.0117 11.2 0.02+0.11 0.10 
0.80 0 .,00400 0.0263+0.0140 10.2 0.01+0.11 0.04 
0 .92 0 .00137 0.0236+0.0100 9.6 0.01+0.09 0.01 
aThe column headings are explained in Table 35 on page 114. 
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and angular diffusivities were 
Err = Ee© = a rw vav = (0.006) (_&â ) (45.72) sq ft/min 
= 0.0457 sq ft/min 
and 
E2Z = 0.457 sq ft/min. 
The perturbed analytic solution referred to in Tables 
11 through 18 was the same analytic solution except that 
each concentration point is perturbed in the following man­
ner, 
3pert = P + (0.02) (P) (RAND) 
where RAND is a random number from a normal distribution 
with zero mean and variance 1. 
The first axial gradient was perturbed as 
<sf ' pert = <if > + °-05 <sf > <RMD> • 
The second axial gradient was not perturbed. Again the 
average velocity and wall radius were input to satisfy the 
conditions similar to Reynolds number 20,000. 
The Reynolds number 20,000 results are given in Tables 
19 through 26. 
The results for Reynolds numbers 10,000 and 5,000 are 
condensed since not all the models assumed in the previous 
three cases are listed. Results for Reynolds number 10,000 
appear in Tables 27 through 30 and those for 5,000 are in 
Tables 31 through 34. 
Tables 36 through 47 are the product of the partial 
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integration over angular position knowing the radial dif-
fusivity. The perturbed analytic solution was not included 
in this list. Each angular integration proceeded from 0 to 
ir in the following manner : 
(1) 0° to 30°; (2) 25° to 55°; (3) 50° to 80°; 
(4) 75° to 105°; (5) 100° to 130°; (6) 125° to 155°; 
and (7) 150° to 180°. 
The radial limits of integration are explained in Table 
35. The transport ratio was not included in these tables 
because the amount of radial and angular diffusion varied 
greatly with radial position at a given angular and axial 
position. That is, only one value of the transport ratio 
listed in the table would not be helpful to assess the 
importance of the E%.@ and E0Z terms. In most cases the 
Er@ and EQz terms contributed less than 2 percent to the 
diffusion equation. 
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DISCUSSION OF RESULTS 
The transport ratio, t-squares, and physical aspects of 
the problem were used as aids to determine the degree of 
importance of the diffusivity tensor components. The re­
sults of the calculation involving integration over all 
angular positions are considered first. Diffusivities 
calculated by this method from concentration data obtained 
from the analytical solution are tabulated to provide a 
comparison with values obtained from experimental data. In 
addition values obtained from perturbed analytic concentra­
tion data also are given. 
An adequate description of the radial diffusion process 
is accomplished by considering only the diffusivity com­
ponent, Err. This is indicated by the transport ratios in 
Tables 19, 27, and 31. A transport ratio of 1.000 in these 
tables signifies that the bulk flow term in the diffusion 
equation is characterized exactly by radial diffusion 
caused by a radial concentration gradient (Err term). 
Tables 20, 28, and 3 2 show the results of a two-param­
eter diffusion equation (Err and Ezz). The transport ratio 
and t-squares in these tables disclose some evidence that 
the axial diffusion term is unimportant with the concentra­
tion gradients encountered at the intermediate £ values used 
in this investigation. The negative estimates of Ezz 
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indicate that diffusion would be taking place against the 
concentration gradient in the axial direction. 
The comparison of t-squares for Erz in Table 21 and 
the t-squares for Ezr in Table 23 with the respective t-
squares for Err seem to indicate that both Erz and Ezr are 
negligible components. But, the t-squares of the more 
general model (three parameters, Err, Erz, Ezr? Table 26) 
indicate that both Ezr and Erz are more important than the 
Err component. These apparent inconsistencies indicate 
that the data are not extensive enough to support conclu­
sions in a general model about the importance of the non-
diagonal elements Erz and Ezr. 
The results of the calculations involving integration 
over prescribed limits of the angular and radial region 
were tabulated in Tables 36 through 47. The values of Err 
from Tables 19, 27, and 31 were utilized in these calcula­
tions. The t-squares in Tables 40, 43, and 46 indicate that 
the nondiagonal diffusivity components, E%.@ and E@r, are 
unimportant. The results of Tables 41, 44, and 47 reveal 
likewise the unimportance of the diffusivity components Eqz 
and Eze. 
The transport ratios for radial and angular diffusion 
pointed out that an adequate description of the turbulent 
diffusion process can be obtained with a two parameter dif­
fusion equation. The estimates of these two parameters 
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(Err and Eee) and the 90 percent confidence limits are 
shown in Figures 19 through 23. The trials of the dif­
ferent three parameter diffusion equations did not indicate 
a sufficiently more adequate description of the turbulent 
diffusion process by any nondiagonal component or axial 
diffusivity component to justify its use. That is, if one 
wished to utilize a three parameter equation, there is no 
clear proof to indicate which component of the diffusivity 
tensor should be used as the third parameter. This does not 
eliminate the possibility that a more general model, say 
4 or 5 parameters, might give a better description of the 
turbulent diffusion process. The data were insufficient 
to test the more general models. 
It is of interest to note that the radial and angular 
diffusivities have the same qualitative variation with 
radial position and the same order of magnitude for Reynolds 
numbers 20,000 and 10,000. Near the wall the angular dif­
fusivity component was larger than the radial diffusivity; 
this was particularly evident for Reynolds number 5,000. 
These resulting differences in the radial and angular dif­
fusivity components are in agreement with the investigations 
of velocity fluctuations by Laufer (28) and Sandborn (52). 
Their results showed that the intensity of velocity 
fluctuations near the wall was greater in the angular 
direction than in the radial direction; however, the 
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Figure 20. The variation of radial and angular diffusivi-





REYNOLDS NUMBER =5,000 
OErr  







0.2 0.4 0.6 0.8 
DIMENSIONLESS RADIAL POSITION 
Figure 21. The variation of radial and angular diffusivi­
ties with radial position, T], at Reynolds num­
ber 5,000 
135 





5,000 k .01 
' 0.2 0.4 0.6 0.8 
DIMENSIONLESS RADIAL POSITION 




























0.2 0.4 0.6 0.8 
DIMENSIONLESS RADIAL POSITION 
Figure 23. The effect of Reynolds number on the angular 
diffusivity, EQQ 
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differences in magnitudes were not as large as those pre­
dicted by this investigation. 
An estimation of the molecular diffusivity of the 
methyl alcohol-ammonium nitrate solution in water was made 
by utilizing the correlations of Othmer and Thakar (44) and 
Wilke (70). The turbulent diffusivity and the total dif­
fusivity for liquids in turbulent flow can be assumed equal 
because the molecular diffusivity estimate of 8 x 10 
sq ft/min is about 100,000 times smaller than the calculated 
total diffusivities. 
The comparison of the radial diffusivity results with 
those of Seagrave (54) and with the radial thermal dif­
fusivity results of Beckwith (4) indicates qualitative 
agreement, which would be expected because: (1) all three 
studies were performed with the water system; (2) the 
analogy between heat and mass transport; and (3) the dif­
ferential equations describing the fluxes for these 
processes were similar. 
The direction of mass transfer in the investigation of 
Seagrave (54) was from the center to the wall of the tube. 
In this study the mass transfer was from two wall injectors 
toward the center of the tube. Thus, the concentration 
profiles are very different in these two studies. The 
agreement of the radial diffusivity variation with radial 
position in these two studies is evidence that the 
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diffusivity components are independent of concentration 
profiles. 
Table 48 summarizes the dimensionless groups utilized 
throughout the remainder of this section. 





radial position n r/rw 
Normalized 
concentrations P c/cav 
Ratio of total 
to molecular 
momentum diffusivity fm V 
^t) 
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number for mass 
transfer 
Npe = 





The reciprocals of the radial and angular turbulent 
Peclet numbers versus radial position are shown in Figures 
24 and 25. The variation of this parameter with Reynolds 
number indicates its usefulness for correlation purposes. 
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Figure 25. The effect of Reynolds number upon the recipro­
cal of the angular Peclet number (N Pe _ 
2rw 'av ) 
141 
The quantitative comparison of eddy momentum diffusivi­
ties to eddy mass diffusivities is called the Schmidt number. 
The calculation of the turbulent Schmidt numbers required 
the ratio of turbulent momentum diffusivity to molecular 
momentum diffusivity. The values of this ratio utilized in 
this calculation are shewn in Figure 26 and tabulated in 
APPENDIX B. The momentum diffusivity ratios displayed in 
Figure 26 are from the results of Rothfus et al. (50) and 
a correlation of Corcoran et al. (9). 
The radial variation of the turbulent Schmidt numbers 
is exhibited in Figures 27 and 28. These eddy diffusivity 
ratios of momentum and mass transport illustrate the dif­
ferences of phenomena in angular and radial diffusion for 
turbulent mass transport. 
The area-average diffusivities were calculated by the 
following relation 
"Quantity of flow"-averages also were calculated utilizing 
a weighting function of point velocity times radial posi­
tion instead of the weighting function of radial position 
in the area-average relation. The agreement between the 
two averages was within one percent for all Reynolds numbers. 
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Figure 26. The ratio of turbulent to molecular momentum 
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Figure 27. The variation of radial Schmidt number, em/Err 
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145 
The area-average diffusivities of this investigation are 
shown in Figure 29. Area-average Peclet numbers defined as 
2rw vay are g^own in Figure 30. 
&av 
Comparisons of the area-average results of this inves­
tigation and those of Seagrave (54) and Seagrave and Fahien 
(55) are indicated in Figures 31 and 32. The steady state 
results of Seagrave (54) are based upon calculations at the 
axial position of 54 inches. The results of Seagrave and 
Fahien (55) represent the calculations based upon three 
axial positions (24, 30, and 36 inches) and concentrations 
at these axial levels as a function of time. Estimates of 
the axial diffusivities also were obtained from these un­
steady state data. 
Opfell and Sage (43) suggest that eddy diffusivity re­
sults might be correlated through the use of parameters 
r 
— — and y+ (dimensionless distance parameter), where e is 
the eddy diffusivity and K is the molecular diffusivity. 
The success of this correlation is based upon (1) the 
proportionality of eddy over molecular diffusivity to the 
gradient of heat or mass with respect to the dimensionless 
dT+ dS distance parameter (—% for heat transfer and , for mass 
dy+ dy+ 
transfer) and (2) the uniqueness of the dimensionless 
velocity parameter, u+, with the dimensionless position 
parameter, y+. Evidence is shown in the same survey by 
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somewhat upon Reynolds number for Reynolds numbers below 
35,000. This suggested correlation was utilized with suc­
cess in heat transport studies by Abbrecht and Churchill 
(1) and Beckwith (4). In the present investigation the cor­
relation was tested by utilizing E fw because the molecular 
r 
diffusivity is only a scale factor in the parameter suggested 
by Opfell and Sage (43). Figures 33 and 34 show the test of 
the correlation method. The correlation appears to bring 
the radial diffusivities together but at the center of the 
tube there are deviations of 40 percent and at the wall 
deviations of 100 percent. 
The concentration profiles of Reynolds number 20,000 
were distorted by the following relation, 
_ 0.1232 
^distorted - P e > 
in order to determine the effect of possible errors which 
may have entered into the experimental data in the 
smoothing operations. The material balances at the lower 
axial positions for these concentration profiles which were 
distorted by the above relation were out of balance by 50 
percent. However, the diffusivity results from the concen­
tration with this imposed distortion are in excellent 
agreement with the results from the smoothed experimental 
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Figure 34. The variation of the angular diffusivity with the dimensionless 
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O NRE = 20,000 
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Figure 35. The effect of the exponential distortion of 
concentration profiles upon the radial 
diffusivity at Reynolds number 20,000 
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CONCLUSIONS AND RECOMMENDATIONS 
The following conclusions were reached based upon the 
results of this investigation: 
1. An adequate description of the turbulent mass dif­
fusion process is obtained by considering only two of the 
components of the diffusivity tensor; specifically, Err and 
E©©. For the conditions of this investigation a significant­
ly more detailed description of the turbulent diffusion 
process was not obtained by the addition of any individual 
nondiagonal element of the diffusivity tensor or axial 
diffusivity. The additional time or complexity caused 
by a three parameter diffusion equation does not appear 
to be justified in terms of increased accuracy. Although 
the importance of significance of these off-diagonal or 
axial diffusivity tensor components in terms of their con­
tribution to the diffusion equation may be small due to the 
small gradients involved, the magnitude of the tensor com­
ponent itself may be quite large. An enormous amount of 
experimental data would be required to test completely the 
general diffusivity tensor model of nine parameters. 
2. There is strong evidence that the components of 
the diffusivity tensor for turbulent mass transport are 
independent of the concentration profiles; that is, they 
are not dependent upon the direction of mass transport. 
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3. The radial and angular diffusivity tensor com­
ponents are on the order of 100,000 times larger than 
molecular mass diffusivity. 
4. The values of the angular and radial diffusivity 
vary considerably with radial position. 
5. For Reynolds numbers of 10,000 and 20,000 the 
angular diffusivity component was of the same order of 
magnitude as the radial diffusivity component. 
6. The angular diffusivity component is greater than 
the radial diffusivity component near the wall of the tube 
for all Reynolds numbers investigated. 
7.-- In general the turbulent Schmidt numbers for both 
angular and radial diffusion are less than unity and vary 
appreciably with radial position, indicating that in this 
sense only a rough analogy exists between mass and 
momentum transport in the ranges of this investigation. 
At the conclusion of this investigation the following 
recommendations were made : 
1. More general tests of the diffusivity tensor model 
might be possible with the experimental data of this study 
by considering integration of the diffusion equation in­
cluding all components over prescribed regions of radial 
and angular plane when the core storage of the IBM 7074 
computer (located on the Iowa State University campus) is 
increased. Also, with additional storage it would be 
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possible to check the reproducibility of the concentration 
profiles at the upper axial heights for various diffusion 
models through the utilization of the differential equa­
tion and the boundary conditions of the concentration pro­
files at the lower axial heights. 
2. Greater precision in the area of diffusivity 
measurements might be obtained by measuring the time-
average concentration gradients in the radial and angular 
directions directly. Such measurements would be possible 
with a three-probe conductivity cell with the center probe 
grounded. Probes of this type, however, would require 
careful calibration because the length over which the 
concentration difference applies must be known. The 
measurement or calculation of the axial gradients by such 




The following nomenclature applies to the MATHEMATICAL 
section and all sections that succeed it. The nomenclature 
used prior to the MATHEMATICAL section was defined within 
the context of those sections. 
The Arabic notations are defined as follows; 
Amn Constant in Equation 18 
a Matrix element defined by Equation 33a 
Bmn Constant in Equation 18 
b Vector element defined by Equation 33b 
C Time-average concentration; capacitance 
Cav Quantity-of-flow-average concentration 
E General diffusivity tensor component, with double 
underscore (E) denotes diffusivity tensor, with 
double subscript (EJj) denotes diffusivity tensor 
component for flux In i direction caused by a con­
centration gradient with respect to j direction 
e Irrational number 2.71828 • • • 
f Density function; function in Figure 5 on page 43 
g± Coefficient defined in Equation 28 
hi Coefficient defined in Equation 28 
i Root mean square current 
J Mass flux vector 
J Bessel function of first kind 
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k Number of parameters in diffusion equation; propor­
tionality constant in Equation 52 
L Logarithm of the likelihood function 
NPe Peclet number Vav j 
E 
2r v 
NRe Reynolds number ( w av ) 
Nsc Schmidt number (fE. ) 
E 
n Unit normal vector ; (n) number of observations 
P Probability 
R Resistance; with subscript (Re) denotes Eulerian cor­
relation coefficient 
r Radial position from center of tube 
5 Surface area; square of deviations defined in 
Equation 31 
t Time; "Student's" t 
u Time-average velocity 
V Voltage; volume 
v Dimensionless time-average velocity ) 
uav 
The Greek notations are defined as follows: 
E 
a General dimensionless diffusivity component (rw vav ) 
Q 
P Normalized concentration (•=— ) 
cav 
A Delta for mesh spacing 
6 Total eddy diffusivity (laminar + turbulent) 
T| Dimensionless radial position ) 
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6 Angular position 
k Molecular diffusivity 
Xmn Eigenvalues defined in Equation 18 
|i Viscosity 
v Molecular momentum diffusivity ( ^  ) 
P 
I- Dimensionless axial distance (-£- ) 
rw 
tt Irrational number 3.14159 • • • 
p Mass density 
<?2 Variance 
T Correlation time 
The subscripts are defined as follows: 
A Amplifier 
a Species or material a 
av Ar ea;-average ; (Cav is an exception) 
F Feed (with concentration); Feedback resistor (with 
resistors) 
i Input; indice 
j Indice 
L Lower limit 
m Momentum; indice 





R Tap water reference 
r Radial direction 
T Transformer 
U Upper limit 
w Wall 
z Axial direction 
© Angular direction 
The superscripts are defined as follows: 
& Laminar 
p,q Indices to denote inverse matrix component 
t Turbulent 
The symbols are defined as follows: 
V Del operator vector (Caution: same symbol was used 
for both dimensional and dimensionless notation) 
Overbar denotes an average 
* Special overbar (see pages 41 and 114) 
Underscore denotes vector 
Double underscore denotes matrix or tensor 
Special symbol to define integration limits (see 
page 37) 
Hat denotes estimate or estimator 
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This section lists all the data that were required 
in the calculation of the eddy diffusivities and the 
turbulent Schmidt numbers for mass transfer. The smoothed 
concentration data are exhibited in Figures 36 through 
53. The velocity profile data were extrapolated from 
tabulated literature data and are shown in Table 49. The 
ratios of turbulent to molecular momentum diffusivities 
utilized in this investigation are tabulated in Table 50. 
The concentration data for axial position 17 7/8 
inches (shown in Figures 36, 42 and 48) are symmetric about 
9 = 90°. The experimental values of concentration for all 
axial levels were smoothed first in the angular direction. 
Then the angular-smoothed values were plotted against the 
radial variable and smoothed again. These smoothed values 
were punched on IBM cards. A plotter subroutine was 
utilized to plot these concentration points on IBM 7074 
output sheets. These output plots gave a quick visual 
check for elimination of conspicuous errors in the concen­
tration data decks caused by the reading of graphs, writing 
of the Fortran data sheets, and punching of the cards. 
These concentration decks were fed into a computer program 
which checked the material balance at each axial level and 
all concentration points at an axial level were multiplied 
by a factor which would give a perfect material balance. 




0.00 0.08 0.16 0.2* 0.32 0.40 0.48 C.56 0.64 0.72 0.80 0.81 
0 0.27067 0.28649 0.31135 0.34624 0.38735 0.43149 0.48502 0.55641 0.63416 0.72339 0.84290 1 .0006* 1 .1  
5 0.27087 0.28617 0.31039 0.34481 0.40026 0.42910 0.48168 0.55019 0.62333 0.70427 0.82059 0.97191 1 .1  
10 0.27087 0.28537 0.30848 0.34130 0.37827 0.42384 0.47451 0.53585 0.60357 0.67718 0.78553 0.9289* 1 .1  
15 0.27087 0.28426 0.30593 0.33525 0.36887 0.41364 0.46049 0.51466 0.57361 0.64372 0.74411 0.87317 l.( 
20 0.27087 0.28314 0.30258 0.32744 0.35612 0.39834 0.44184 0.48582 0.53458 0.60548 0.68993 0.80625 
25 0.27087 0.28187 0.29908 0.31867 0.34162 0.37843 0.42065 0.45252 0.49235 0.55449 0.63416 0.73295 O.E 
30 0.27087 0.28059 0.29509 0.30832 0.32744 0.35692 0.39548 0.41555 0.45411 0.50988 0.57999 0.65806 0 .1  
35 0.27087 0.27916 0.29127 0.29876 0.31389 0.33572 0.37747 0.37843 0.41746 0.46686 0.52103 0.5768; ù.t 
40 0.27087 0.27773 0.28744 0.29031 0.30194 0.31708 0.34226 0.35054 0.38305 0.41428 0.44774 0.4827s O.i 
45 0.27087 0.27629 0.28362 0.28282 0.29159 0.30274 0.31756 0.32505 0.35054 0.36807 0.39197 0.41587 C.< 
50 0.27087 0.27486 0.27964 0.27645 0.27438 0.28936 0.29812 0.30274 0.32011 0.33174 0.34672 0.36233 0 .2  
55 0.27087 0.27342 0.27597 0.27087 0.27470 0.27836 0.28362 0.28362 0.28840 0.29159 0.29350 0.29589 0 .2  
60 0.27087 0.27215 0.27119 0.27008 0.26896 0.26769 0.26530 0.26307 0.26052 0.25749 0.25430 0.25064 C. .2  
65 0.27087 0.27087 0.26928 0.26609 0.26370 0.26068 0.25653 0.25175 0.24761 0.24060 0.23423 0.22733 0 .2  
70 0.27087 0.26976 0.26769 0.26402 0.26052 0.25494 0.24873 0.24028 0.23184 0.22514 0.21718 0.20778 0 .1  
75 0.27087 0.26864 0.26418 0.25876 0.25367 0.24538 0.23821 0.23024 0.21989 0.21001 0.19917 0.18706 j .l 
80 0.27087 0.26769 0.26291 0.25685 0.25048 0.24251 0.23343 0.22451 0.21351 0.20236 0.19073 0.17846 0 .1  
85 0.27087 0.26721 0.26227 0.25621 0.24889 0.24012 0.23072 0.22068 0.20953 0.19885 0.18642 0.17430 Ù.1 
90 0.27087 0.26705 0.26211 0.25494 0.24761 0.23901 0.22945 0.21877 0.20778 0.19599 0.18372 0.170^7 J.l 
95 0.27087 0.26721 0.26227 0.25621 0.24889 0.24012 0.23072 0.22068 0.20953 0.19885 0.18642 0.17400 3 .1  
100 0.27087 0.26769 0.26291 0.25685 0.25048 0.24251 0.23343 0.22451 0.21351 0.20236 0.19073 0.178^6 0.1  
105 0.27087 0.26864 0.26418 0.25876 0.25367 0.24538 0.23821 0.23024 0.21989 0.21001 0.19917 0.18706 0.1 
i 
110 0.27087 0.26976 0.26769 0.26402 0.26052 0.25494 0.24873 0.24028 0.23184 0.22514 0.21718 0.20778 0.1 
US 0.27087 0.27087 0.26928 0.26609 0.26370 0.26068 0.25653 0.25175 0.24761 0.24060 0.23423 0.2273} 0.2 
120 0.27087 0.27215 0.27119 0.27008 0.26896 0.26769 0.26530 0.26307 0.26052 0.25749 0.25430 0.25064 0.2 
125 0.27087 0.27342 0.27597 0.27087 U.27470 0.27836 0.28362, 0.28362 0.28840 0.29159 0.29350 0.29589 0.2 
130 0.27087 0.27486 0.27964 0.27645 0.27438 0.28936 0.29812 0.30274 0.32011 0.33174 0.34672 0.36233 U.3 
139 0.27087 0.27629 0.28362 0.28282 0.29159 0.30274 0.31756 0.32505 0.35054 0.36807 0.39197 0.41587 0.4 
140 0.27087 0.27773 0.28744 0.29031 0.30194 0.31708 0.34226 0.35054 0.38305 0.41428 0.44774 0.48279 0.5 
145 0.27087 0.27916 0.29127 0.29876 0.31389 0.33572 0.37747 0.37843 0.41746 0.46686 0.52103 0.57680 0.6 
150 0.27087 0.28059 0.29509 0.30832 0.32744 0.35692 0.39548 0.41555 0.45411 0.50988 0.57999 0.65806 0.7 
155 0.27087 0.28187 0.29908 0.31667 0.34162 0.37843 0.42065 0.45252 0.49235 0.55449 0.63416 0.73295 0.8 
160 0.27087 0.28314 0.30258 0.32744 0.35612 0.39834 0.44184 0.48582 0.53458 0.60548 0.68993 0.80625 0.9 
165 0.27087 0.28426 0.30593 0.33525 0.36887 0.41364 0.46049 0.51466 0.57361 0.64372 0.74411 0.87317 1.0 
170 0.27087 0.28537 0.30848 0.34130 0.37827 0.42384 0.47451 0.53585 0.60357 0.67716 0.78553 0.92894 1.1 
175 0.27087 0.28617 0.31039 0.34481 0.40026 0.42910 0.48168 0.55019 0.62333 0.70427 0.82059 0.97196 1.1 
160 0.27087 0.28649 0.31135 0.34624 0.38735 0.43149 0.48502 0.55641 0.63416 0.72339 0.84290 1.00064 1.1 
Figure 36. Reynolds number 5,000, | * 8.94 
RKE 17 7/8 IS. (ANGULAR POSITION, DEGREES; RADIAL POSITION, IN.) 
RADIAL POSITION 
,8i 0.96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
)6- I. .19344 1.44838 1.78617 2.22913 2. ,74379 3.30625 3. ,87190 4.33398 4. 68452 4.93946 5. 13385 5. 27068 5.35852 5.39995 
L96 1, ,15838 1.40695 1.72403 2.12716 2. ,70077 3.20428 3. ,69982 4.13959 4. 48654 4.76100 4. 97133 5. 14341 5.23264 5.29478 
19* 1. .llvSU 1.33843 1.62684 1.99331 2. ,48726 2.91588 3. 34449 3.72372 4. 07426 4.38337 4. 65903 4. 89166 5.03186 5.07490 
117 1, ,04047 1.24602 1.50415 1.81645 2. ,16858 2.54940 2. ,93022 3.29829 3. 63130 3.90377 4. 13959 4. 33079 4.45986 4.49810 
0. ,95284 1.13289 1.34640 1.57744 1. ,83557 2.12078 2. ,42193 2.73901 3. 02741 3.27120 3. 45762 3. 59147 3.68070 3.73806 
[95 0. 85086 • 1.00064 1.16476 1.35437 1. ,54876 1.75271 1. 97738 2.20045 2. 42193 2.62110 2. 79159 2. 93181 3.04016 3.10867 
06 0. ,7486* 0.85724 0.97196 1.09943 1. 23168 1.37827 1. 52805 1.68260 1. 83716 1.99331 2. 15106 2. 32473 2.42193 2.51594 
,8i V. ,64054 0.71065 0.78553 0.87158 0. 95762 1.05163 1. 15201 1.25717 1. 35915 1.46750 1. 57744 1. 67623 1.76865 1.83238 
79 0. ,52581 0.57202 0.62460 0.68356 0. 72977 0.80784 0. 87317 0.94009 1. 00861 1.06190 1. 14662 l. 21096 1.26673 1.30336 
87 0. ,44614 0.47642 0.50988 0.54175 0. 57680 0.61186 0. 64850 0.68515 0. 72180 0.76004 0. 79669 0. 83174 0.86361 0.89229 
33 0. ,37827 0.39468 0.41029 0.42591 0. 44136 0.45650 0. 47116 0.48455 0. 49681 0.50701 0. 51593 0. 52263 0.52741 0.52900 
V 0. 29796 0.30035 0.30306 0.30545 0. 30768 0.30991 0. 31198 0.31374 0. 31501 0.31581 0. 31708 0. 31708 0.31708 0.31708 
64 ,24665 0.24267 0.23821 0.23375 0. 22913 0.22435 0. 21957 0.21463 0. 21001 0.20491 0. 20077 0. 19646 0.19326 0.19168 
53 0. ,21989 0.21176 0.20347 0.19439 0. 18483 0.17495 0. 16412 0.15328 0. 14213 0.13241 0. 12428 0. 11791 0.11361 0.11154 
>8 0. ,19790 0.18738 0.17639 0.16539 0. 15328 0.14117 0. 12890 0.11664 0. 10421 0.09273 0. 08174 0. 07202 0.06421 0.06055 
06 j. ,17543 0.16364 0.15121 0.13862 0. 12604 0.11313 0. 10070 0.06827 0. 07616 0.06437 0. 05366 0. 04430 0.03649 0.03330 
t6 
0. ,16651 0.15424 0.14165 0.12827 0. 11520 0.10198 0. 08907 0.07648 0. 06389 0.05210 0. 04079 0. 03139 0.02406 0.02199 
00 0. 16157 0.14946 0.13607 0.12253 0. 10867 0.09528 0. 08158 0.06820 0. 05545 0.04286 0. 03139 0. 02103 0.01568 0.01546 
f 
U. 1587Ù 0.14579 0.13241 0.11903 0. 10516 0.09114 0. 07760 0.06405 0. 05099 0.03824 0. 02693 0. 01641 0.00892 0.00637 
V D. 16157 0*14946 0.13607 0.12253 0. 10867 0.09528 0. 08158 0.06820 0. 05545 0.04286 0. 03139 0. 02103 0.01566 0.01546 
0. 16651 0.15424 0.14165 0.12827 0. 11520 0.10198 0. 08907 0.07648 0. 06389 0.05210 0. 04079 0. 03139 0.02406 0.02i99 
0. 17543 0.16364 0.15121 0.13862 0. 12604 0.11313 0. 10070 0.06827 0. 07616 0.06437 0. 05386 0. 04430 0.03649 0.03330 
78 0. 19791 0.18738 0.17639 0.16539 0. 15328 0.14117 0. 12890 0.11664 0. 10421 0.09273 0. 08174 0. 07202 0.06421 0.06055 
33 0. 21989 0.21176 0.20347 0.19439 0. 18483 0.17495 0. 16412 0.15326 0-14213 0.13241 0. ,12428 0. 11791 0.11361 0.11154 
64 0. 24665 0.24267 0.23821 0.23375 0. 22913 0.22435 0. 21957 0.21463 0. 21001 0.20491 0. 20077 0. 19646 0.19326 0.19168 
99 0. 29796 0.30035 0.30306 0.30545 0. 30768 0.30991 0. 31198 0.31374 0. 31501 0.31581 0. 31708 0. 31708 0.31706 0.31708 
33 c. 37827 0.39468 0.41029 0.42591 0. 44136 0.45650 0. 47116 0.48455 0. 49681 0.50701 0. 51593 0. 52263 0.52741 0.52900 
17 0. 44614 0.47642 0.50988 0.54175 0. 57680 0.61186 0. 64850 0.68515 0. 72180 0.76004 0. 79669 0. 83174 0.86361 0.89229 
rg 0. 52581 0.57202 0.62460 0.68356 0. 72977 0.80784 0. 87317 0.94009 1. 00861 1.06190 1. 14882 1. 21096 1.26673 1.30336 
to 0. 64C54 0.71065 0.78553 0.87158 0. 95762 1.05163 1. 15201 1.25717 1. 35915 1.46750 1. 57744 1. 67623 1.76865 1.83238 
16 0.  74889 0.85724 0.97196 1.09943 1. 23168 1.37827 1. 52805 1.68260 1. 83716 1.99331 2. 15106 2. 32473 2.42193 2.51594 
15 0.  85086 1.00064 1.16476 1.35437 1. 54876 1.75271 1. 97736 2.20045 2. 42193 2.62110 2. 79159 2. 93161 3.04016 3.10867 
!5 0. 95284 1.13289 1.34640 1.57744 1. 83557 2.12078 2. 42193 2.73901 3. 02741 3.27120 3. 45762 3. 59147 3.66070 3.73806 
7 1. 04047 1.24602 1.50415 I.81645 2. 16850 2.54940 2. 93022 3.29829 3. 63130 3.90377 4. 13959 4. 33079 4.45986 4.49610 
14 1. 11058 1.33843 1.62^84 1.99331 2. 48726 2.91588 3. 34449 3.72372 4. 07426 4.38337 4. 65903 4. 89166 5.03168 5.07490 
6 1. 15838 1.40695 1.72403 2.12716 2. 70077 3.20420 3. 69982 4.13959 4. 48654 4.76100 4. 97133 5. 14341 5.23264 5.29478 
4 1. 19344 1.44838 1.76617 2.22913 2. 74379 3.30625 3. 07190 4.33396 4. 66452 4.93946 5. 13365 5. 27066 5.35652 5.39995 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 1.56 0.64 0.72 0.80 0.88 0.9b I 
0 0.22884 0.27460 0.32678 0.38536 0.45976 0.539U1 0.62766 0.73031 u.83950 0.96634 1.10495 1.26186 1.43447 1.62 
5 0.22884 0.27303 0.32429 0.38209 0.45440 0.53260 0.62073 0.72351 0.83427 0.96111 1.39841 1.25402 1.42532 1.61 
10 0.22884 0.26859 0.31906 0.37542 0.44394 0.51913 0.60569 0.70847 0.81073 0.92711 1.06180 1.20956 1.37301 1.55 
15 0.22884 0.26153 0.30978 0.36326 0.42563 0.49298 • 0.57405 0.67343 0.77150 0.88134 1.0U295 1.14156 1.29194 1.45 
20 0.2288* 0.25499 0.29722 0.34757 V.40275 0.45623 0.52436 0.61589 . 0.70220 0.79896 0.91011 1.03172 1.16379 1.31 
25 0.22884 0.24937 0.28310 0.32952 0.37529 0.41190 0.47075 0.54136 0.62243 C.700H9 .79504 C.10096 1.31^65 1.14 
30 0.22884 0.24492 0.27264 0.30899 0.34652 0.37268 0.42171 0.47467 0.54790 0.61589 0.69435 0.78589 0.88768 0.99 
35 0.22884 0.24100 0.26349 0.28886 0.31906 0.34103 0.38575 0.42498 0.47467 0.53351 0.59890 0.67212 .75189 0.84 
40 0.22884 0.23799 0.25603 0.27212 0.29749 0.31488 0.34521 0.37791 0.41583 0.46029 C.50998 0.56751 ..b2-ib* 0.70 
45 0.22884 0.23537 0.24950 0.25956 0.27983 0.29291 0.31514 0.33998 0.37006 0.40667 C.44*56 0.49167 ...54<:6/ 0.59 
50 0.22884 0.23302 0.24387 0.24976 0.25630 0.27460 0.29029 0.30991 0.33345 0.36156 J.39229 0.42956 J.46R79 0.51 
55 0.22884 0.23145 0.23917 0.24204 0.25211 0.26022 0.26937 0.28376 0.29879 0.31710 0.33737 0.35960 .3017/ 0.41 
60 0.22884 0.23014 0.23407 0.23590 0.24152 0.24780 0.25185 0.26545 C.27264 0.28376 C.29422 0.30729 -.32364 0.34 
65 0.22884 0.22884 0.22884 0.23014 0.23250 0.23577 0.24008 0.24544 0.25211 0.25970 0.26/93 0.27722 J.287 55 0.29 
70 0.22884 0.22884 0.22884 0.22897 0.22962 0.23027 0.23145 0.23289 0.23433 0.23603 0.23799 0.239d2 ,.<419i v.24 
75 0.22884 0.22857 0.22779 0.22687 0.22583 0.22426 0.22230 0.22047 0.21837 0.21576 0.21327 0.21042 .ZOj.i j.20 
80 0.22884 0.22805 0.22648 0.22478 0.22230 0.21922 0.21576 0.21171 0.20556 0.20177 0.19614 0.18974 0.18294 0.17 
85 0.22684 0.22714 0.22491 0.22217 0.21864 0.21458 0.20961 0.20412 0.19798 0.19118 0.18372 0.17548 v.16633 0.15 
90 0.22884 0.22622 0.22334 0.22007 0.21602 0.21118 0.20582 0.19968 0.19288 0.18555 0.17718 0.16829 ..15&2: 0.14 
95 0.22884 0.22727 0.22478 0.22191 0.21798 0.21367 0.20883 0.20294 0.19641 0.18961 0.18189 0.17378 0.164 76 0.15 
100 0.22884 0.22844 0.22687 0.22491 0.22230 0.21916 0.21550 0.21118 0.20661 0.20138 :.19601 0.1B961 ... 18294 0.17 
105 0.22884 0.22884 0.22870 0.22805 0.22727 0.22609 0.22478 0.22282 j.22073 0.21824 C.21484 0.21171 C.2077s 0.20 
110 0.22884 0.22884 0.22884 0.22884 0.22897 0.22923 0.22975 0.23027 0.23119 0.23197 C.23315 0.23459 v.23629 0.23 
115 0.22884 0.23093 0.23276 0.23446 0.23668 0.23930 0.24230 0.2457C 0.24963 0.25381 0.25878 0.26427 ..27.6o 0.27 
120 0.22884 0.23080 0.23537 0.24152 0.24714 0.25172 0.25630 0.26676 0.27722 0.28899 0.30.76 0.11383 „.3269i 0.34 
125 0.22884 0.23407 0.23917 0.24832 0.25695 0.26323 0.27369 0.28637 0.30206 0.31645 0.33345 0.15306 J.3726b 0.39 
130 0.22884 0.23694 0.24322 0.25564 0.26937 0.27918 0.29291 0.31252 0.33214 0.35371 0.38052 0.41125 0.4459J 0.48 
135 0.22884 0.23956 0.24906 0.26414 0.28310 0.29683 0.31775 0.34391 0.37137 9.40733 0.44590 0.48971 0.53744 0.58 
140 0.22884 0.24191 0.25342 0.27330 0.29879 0.31775 0.34521 0.37791 0.41321 0.4576Z 0.50540 0.55770 0.61655 0.68 
145 0.22884 0.24518 0.25930 0.28310 0.31488 0.33996 0.37725 0.41648 0.45898 0.51194 0.56947 0.63289 0.70416 0.78 
ISO 0 . 22864 0.248 4 5 0 . 26636 0 . 2936 9 0.330 83 0.3 6 4 8 3 0 . 41125 0.4 5 8 98 0 . 5112 8 0.56686 0 . 6 3 74 7 0.71462 .-.80 27 0.89 
155 0.22884 0.25159 0.27460 0.30546 0.34783 0.39229 0.44786 0.50062 2.56424 0.63682 0.72181 0.81335 -.91534 1.03 
160 0.22884 0.25447 0.28389 0.31841 0.36744 0.41910 0.48055 0.54005 0.61459 0.69958 0.79373 0.69965 1.31341 
165 0.22884 0.25708 0.29330 0.33345 0.38837 0.44329 0.50998 0.55182 0.65905 0.75450 0.85781 0.97026 1.C9841 
170 0.22884 0.25943 0.30128 0.34639 0.40537 0.46290 0.53351 0.61720 0.70612 0.80419 0.91273 1.03957 1.17687 
175 0.22884 0.26140 0.30729 0.35345 0.41713 0.47729 0.54921 0.63551 3.72966 0.83427 0.95326 1.0B141 1.22525 
180 0.22864 0.26192 0.30991 0.35659 0.42237 0.48382 0.55574 0.64074 0.73620 0.84473 0.96372 1.09449 1.24225 
Figure 37. Reynolds nuatoer 5,000, | - 11.5 
ES (ANGULAR 
POSITION 
POSITION, DEGREES j RADIAL POSITION, INCHES) 
1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 
1.45539 1.63846 1.83984 2.05690 2.28443 2.51327 2.74472 2.98532 j.21416 3.42599 
1.31025 1.46716 1.64369 1.83461 2.04383 2.26220 2.48188 2.7U418 2.92939 3.14747 
1.14610 1.29194 1.44755 1.61754 1.00453 2.01114 2.22559 2.44650 2.66686 2.9J163 
0.99903 1.12456 1.26317 1.41224 1.57308 1.75223 1.95C99 2.16152 2.37H58 2.593v3 
0.64342 0.94346 1.G6160 1.19648 1.34098 1.49528 1.65415 1.81042 1.95295 2.08240 
0.70154 0.78458 0.87611 0.98072 1.09972 1.235/1 1.37694 1.1.1489 1.65606 1.79472 1.9196: 
0.59955 0.66232 J.73293 0.81008 0.89638 0.9911B 1.09645 1.21021 1.33182 1.458"! 
0.51194 0.56032 0.61263 0.66865 u.72966 û.79504 0.86500 0.94064 1.02257 1.10495 
0.41256 0.44394 0.46121 0.52305 0.57013 0.62 5v5 0.66585 0.75189 u.62381 C.89769 
0.34v64 0.2 091 J.36379 0.41060 u.43936 0.47271 0.50996 0.55313 J.59693 0.640 74 
0.29653 0.31C56 0.32299 0.33606 0.35045 0.36483 0.37987 0.3949C O.4)929 0.42217 
u.24453 0.24 563 J.24937 0.25185 0.25433 0.25669 0.25930 0.26153 J.26401 0.26597 
j.20543 0.2:308 0.2:072 0.19863 -.19667 0.19497 U.19353 0.19222 w.19118 0.190b5 
0.17575 0.16764 0.16U71 0.15260 u.14606 0.14005 0.13521 0.13076 0.126B4 0.12396 
0.15679 0.14632 0.13469 0.12475 0.11566 0.10736 U.10043 0.09415 *.08931 0.06565 
0.14776 0.13639 0.12436 0.11376 0.10370 0.09520 0.06761 0.C6212 0.07715 0.07336 C.07061 
0.15535 0.14502 0.13599 0.12697 0.11899 0.11141 0.10487 0.09925 0.09415 0.08997 
-J.17575 0.16816 V.16Ù45 0.15325 0.14659 0.14057 0.13506 0.13050 0.12658 0.12331 0.12148 0.12017 0. u ,6j 
j.20425 C.20124 0.19798 0.19536 U.19274 0.19091 0.18869 0.16712 û.18581 0.16' 
0.23812 0.24034 0.24283 0.24583 0.24864 0.25263 0.25564 0.25839 0.26061 0.26257 0.26175 
0.27735 0.28533 0.29461 0.30586 0.31893 0.33214 0.34561 0.35842 0.37006 0.36026 
0.34064 0.35696 0.37396 0.39229 0.41321 0.438C6 0.46421 0.49102 0.51978 0.54397 
0.39752 0.42433 0.45309 0.48513 0.52305 0.56424 0.61459 0.67082 0.72181 0.76669 
0.48448 0.52632 0.56751 0.62309 0.67931 0.73750 0.79962 0.6735.. u.93953 1.00949 
0.58843 0.64466 0.70743 0.77346 0.64800 0.92384 1.00684 1.09841 1.18994 1.27233 1.34423 1.39720 1.416 7* 
0.68128 0.75189 0.83165 0.91730 1.01341 1.11999 1.23244 1.34862 1.46126 1.56/20 1.65673 1.72869 1.76.73 
0.78262 0.87154 0.97222 1.08141 1.20564 1.33771 1.47239 1.6136? 1.74961 1.67645 1.98760 2.J7J79 2.11313 
0.89573 1.CÛ557 1.13110 1.27363 1.42074 1.57831 1.73196 1.86364 2.01964 2.149L9 2.26 220 2.35374 2.40604 
1.03172 1.15333 1.29u63 1.43316 1.59139 1.76138 1.94706 2.13405 2.32628 2.50261 2.67672 2.62448 t.93694 
1.13695 1.27756 1.42924 1.59270 1.77053 1.96537 2.16936 2.37858 2.58650 2.79441 2.96532 3.15793 J.29262 
1.23963 1.39263 1.56000 1.74569 1.94968 2.16805 2.39297 2.61526 2.84016 3.05724 3.25862 3.42730 3.5410/ 
1.32594 1.46939 1.67115 1.87253 2.09090 2.31712 2.54988 2.76918 3.01932 3.24293 3.45J84 3.62214 3.72675 
1.38086 1.55347 1.74700 1.95883 2.18374 2.41912 2.65842 2.9L294 3.14747 3.37761 3.59206 3.76206 3.66144 
1.40178 1.57570 1.77446 1.99283 2.22559 2.46985 2.71334 2.96702 3.20893 3.43646 3.64175 3.81828 3.9124j 
1.84 1.92 2.0v 
4.03666 4. .22627 4 .3518-
4.*0135 4. ,16634 * .30.8, 
3.66405 4. .03927 4 .13735 
.4.63129 3, .796-5 3 • t>9 2.-
3.354^6 3. ,34691 4 .07637 
3.12262 3. ,42661 "J .463 U 
2.61533 2. .>9971 3 .117 39 
2.20:74 ?.  .29802 . 36^24 
2. ,02094 à .'.84:6 
1.56916 1. 66327 1 .7339/ 
1.16471 1. 25336 1 .303.5 
..9598 . 1. X6dti 1, . 276 
L.68 324 0. 71658 .73358 
-.43374 0. 44237 .44551 
;-.26UC6 0. 269/6 0, .27 'J* 
D:i9.i. 0. 189/4 0, . 18'? 74 
3.1213% 0. 1 1926 0, . 11795 
v.08/77 3-, 01. 7 0, .C7990 
0. .*6891 QmC6gôD 
U.v867, 0. .04 73 &. 08*43 
. 1 o. 11 0
0.16425 0. 163/2 c. 18359 
0. 2644 v 264 6» 
C.38611 u. 39399 397 7b 
56751 U. 58713 0. 60151 
0.8:94/- 0. 43688 0. 04996 
1.U7226 1. 12456 1. 151 3/ 




0 .00  C .08  0 .16  0 .24  0 .32  0 .40  0 .48  0 .56  0 .64  0»  72  0 .80  0 .88  0 .  96  J  
0  i 0 .5v968  0 .52841  0 .56587  0 .60014  0 .64703  0 .70259  0  .76451  0 .83842  3  .91232  0  .99387  1 .08051  1 .17608  1  .2843b  1 .41  
5  , 0 .50968  0 .52815  0 .56090  0 .59709  0 .64321  0 .69787  u  .76C18  0 .83332  v  .90620  0  .98113  1 .06650  1 .16334  1  .26527  1 .31  
10  C .50968  0 .52764  0 .55686  0 .59263  u .63709  0 .689C8 0  .75177  0 .82249  0  .89461  0  .96838  1 .05248  1 .  14422  1  .24616  1 -35  
15  0 .50968  0 .52688  0 .55567  0 .58689  0 .62945  0 .67812  0  .73903  0 .80656  
-
. 87766  0  .94545  •  1 .02190  1 .111-9  t  . 20743  1 .31  
20  . . 50968  0 .52497  0 .55198  0 .60549  0 .61951  0 .66*313  0  .72272  0 .78592  ? . 85498  0  .92761  1 .00  661  1 .08816  1  .176  vd  1 .27  
2 5  . . 5LV68  0 .52280  0 .54  790  0 .57339  0 .60868  0 .64984  0 •  7C272  0 .76069  .82567  c  .88556  0 .45309  1 .02572  1  .C958- 1 .19  
30  0 .5C96B 0 .52114  0 .54331  0 .56574  0 .59658  0 .63327  0  .67978  0 .73138  "j . 79000  0  .84224  0 .90211  0 .962  .1  1  .  270u  1 .C9  
35  L .51960  0 .51885  0 .53835  0 .55746  0 .58358  0 .61480  0  .65493  0 .69826  C . 74413  0  .78363  0 .83077  0 .883 .1  .042  9  1 .00  
4 ]  j .50968  0 .51707  0 .53112  0 .54828  0 .56982  0 .59556  a  .62690  0 .67468  
-
. 69316  
~ 
. 72629  J .76451  0 .807b4  
-
. 85620  0 .90  
45  . . . 5C968  0 .51477  0 .52675  0 .53898  0 .55555  0 .57491  o .  . 59759  0 .62435  o .  . 64729  0 .  .67532  3 .7 .845  0 .74413  
-
. 782  35  0 .82  
5  J  v . 50968  0 .51414  0 .52114  0 .52968  0 .54026  0 .55364  0 ,  . 56956  0 .50676  0 ,  . 60588  c .  .62563  64729  0 .674- .  5  .703  35  0 .73  
55  v  .  5  w 9  6  d  0 .51C44  0 .51450  0 .51834  0 .52447  0 .53363  u .  .54421  0 .55491  j .  ,57 i f l4  0 .  .58613  0 .60269  0 .62  308  V.  , 6434 /  0 .66  
60  0 .5096b  u .50  m  0.50o75  0 .50815  0 .5112% 0 .51617  0 ,  .52242  0 .53006  .53924  0 .  ,54943  0 .  5609  j  0 .57377  .5874 .  0 .60  
65  j .  5u968  0 .50450  0 .49821  0 .49400  u .49273  0 .49349  0 ,  . 44655  0 .5 :152  0 .  .50840  0 .  .51643  3 .52726  0 .53873  
-• 
, 54 ' J ld  0 .55  
70  0 .5C96d  0 .50203  0 .40286  0 .48470  0 .479U 0 .47565  v .  47476  0 .4755  1  
- •  
. 47782  0 .  ,48177  0 .48674  0 .49286  
- •  
. 49  >46  0  .  50 
70  U.5C960  0 .50076  0 .48687  0 .47323  0 .46635  CU46138  u ,  , 45896  0 .45756  J  a . 45705  0 .  ,45718  0 .45705  0 .45641  .4557a 0 .45  
a :  0 -50968  0 .50 :76  0 .48547  J .47158  «  .  461H9 0 .45552  0 .  ,44966  0 .44393  0 .  .43896  0 .  .43412  U.43024  0 .42711  .  424  6  i 0 .42  
«5  0 .51968  0 .49986  0 .48394  0 .46699  v .45425  0 .44469  0 .  43741  0 .43157  ,42622  j .  42  125  J .41666  0 .4U31  .40545  0 .39  
90  0 .50968  0 .49948  0 .48164  0 .46342  v .44953  0 .439 .14  v  « , 43221  0 .4  25  96  .42036  0 .  .41500  0 .41016  0 .40506  ,  1992 . .  0 .39  
95  v .51968  0 .50012  0 .48394  0 .46699  0 .45234  v .44278  0 ,  ,4345- 0 .4 /685  .42074  u .  41519  O.41054  0 .40570  .40 .40  0 .39  
100  0 .50968  0 .5 :076  0 .48547  0 .47107  0 .45896  0 .45C43  0 .  44393  0 .43896  43552  4  12 .8  3 .42940  0 .426d5  42467  0 .41  
IDS 0 .50968  0 .50152  0  .  4 h  c  01  0 .47527  u  . 46763  C .45871  0 .  45527  0 .45323  45196  4  5  Lu6  U .45381  0 .44953  0 .  4475- 0 .44  
110  V.50968  0 .50318  0 .49247  0 .48279  0 .477  IB 0 .4 /272  0 .  471 .43  0 .4703C 47145  0 .  47374  u .4  768  J  0 .48050  48445  0 .48  
L I S  0 .50968  0 .50509  0 .44693  0 .49056  0 .48738  O.48279  0 .  48101  0 .4C177  48419  0 .  48814  0 .49349  0 .49783  
- •  
50446  0 .51  
L 20  0 .50968  C .5 .713  0 .5J330  0 .49948  '  v .49566  0 .49413  0 .  49439  0 .44693  5 )2 :3  0 .  50942  0 .51872  0 .53045  54  3  95  0 .55  
125  Ù.50968  0 .50968  0 .50968  0 .50968  U.51095  0 .51605  0 .  52497  0 .53516  54981  0 .  56638  0 .58485  0 .60715  63 .7 /  0 .65  
130  0 .50968  0 .5121O 0 .51414  0 .51732  0 .524*7  0 .53261  u .  54535  0 .56142  J .  57976  0 .  60078  0 .62499  0 .65219  68297  0 .71  
135  0 .50968  0 .51465  0 .52051  0 .52853  0*53962  0 .55045  :. 56574  0 .5o61 i  
" " 
6:970  c .  63837  0 .67086  0 .  /C718  
• 
7492/  0 .79  
14)  0 .5C968  0 .51732  0 .52688  0 .53822  0 .553CC 0 .56956  0 .  59250  0 .61798  0 .  64347  0 .  67723  U.71673  0 .76133  j .  81230  0 .86  
145  G.50968  0 .51987  0 .53350  0 .54841  0*!>6574  0 .58868  0 .  61671  0 .64474  0 .  68042  0 .  71942  0 .76451  0 .81548  0 .  87346  0 .93  
150  U.50968  0 .52267  0 .54064  0 .55886  0 .57976  0 .60651  0 .  63837  0 .67405  0 .  71355  c .  75878  0 .81166  0 .87155  o .  43844  1 .01  
155  0 .5C968  0 .52548  0 .54663  0 .56893  0 .59377  0 .62435  0 .  66130  0 .7C7Z6 0 .  75814  0 .  81548  0 . c /282  0 .93526  1 .  4034 /  1 .07  
160  u .50968 '  0 .528C2 0 .55211  0 .57848  C.60588  0 .64092  0 .  68169  0 .73138  0 .  78809  0 .  84542  0 .90977  0 .98113  1 .  •614- 1 .14  
165  0 .50968  0 .53006  0 .55593  0 .58651  U.61734  0 .65493  0 .  69826  0 .75432  0 .  81930  0 .  87473  0 .94  545  1 .02381  1 .  1130  .  1 .20  
170  0 .50968  0 .53185  0 .55937  0 .59224  0 .62690  0 .66704  0 .  71227  0 .76834  83C77  c .  89958  0 .97284  1 .05758  1 .  15187  1 .25  
175  0 .50968  0 .53338  0 .56192  0 .59505  0 .63264  0 .6 /341  0 .  72183  0 .77662  0 .  83842  0 .  91423  0 .98622  1 .07236  1 .  17 /25  1 .28  
180  0 .50968  0 .53452  0 .56319  0 .59568  0 .63518  0 .67596  0 .  72565  0 .77917  0 .  84288  u .  91296  0 .99132  1 .08115  1 .  18-54  1 .29  
Figure 38. Reynolds number 5,000, | =» 15.0 
ES(ANGULAR POSITION, DEGREES? RADIAL POSITION, INCHES) 
POSITION 
1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
1 .41562 1, .52903 1 .66537 1. .81317 1 .97499 2. .14956 2 .33177 2. 51652 2 .70001 2. 88222 3 .05168 3. 20459 3. 32946 
1 ,37612 1, .50100 1 .63096 1. .77367 1 .92785 2. ,10241 2 .27825 2. 46046 2 .64649 2. 82743 3 .00199 3. 15872 3. 28868 
1 -35701 l. .47551 1 .60293 1. .73672 1 .88707 2. ,05017 2 .21709 2. 39293 2 .56240 2. 74078 2 .90897 3. 05806 i .  18038 
l .31242 1, .42454 1 .54177 1. ,66919 1 .80808 1. ,95588 2 .10878 2. 26806 2 .42478 2. 58660 2 .73569 2. 86183 2. 94338 
1 .27419 1. .37485 1 .48061 1. ,59783 1 .72016 1. 85012 1 .98519 2. 12407 2 .26041 2. 39420 2 .51398 2. 62228 2. 69746 
1 .19137 1, .28056 1 .37612 1. ,47806 1 .58891 1. 70359 1 .82209 1. 94314 2 .06419 2. 17886 2 .28717 2. 36999 2. 433 70 
1 .(,9708 1. .17480 *1 .25635 1. 34172 1 .43856 1. 53158 1 .63096 1. 73417 1 .83483 1. 93549 2 .02596 2. 11006 2. 16994 
1 -00534 1. ,07159 1 .14295 1. 21558 1 .29840 1. 37612 1 .46532 1. 55451 1 .64370 1. 73545 1 .82719 1. 90746 1. 95333 
3 .9U467 0. ,96074 1 .01935 1. 08179 1 .14550 1. 21175 l .28183 1. 35192 1 .42327 1. 49208 1 .56725 1. 62332 1. 65645 
0 -62695 0. 86 900 0 .91742 0. 96838 1 .02317 1. 07924 1 .13403 1. 19009 1 .24871 1. 30859 1 .36721 1. 41817 1. 44111 
0 .73640 0. 77C88 0 .80656 0. 84606 0 .88684 0. 93016 0 .97221 1. 01680 1 .06013 1. 10600 1 .13530 1. 15951 1. 17225 
Û .66768 c. 69443 0 .72247 0. 74922 0 .77726 0. 80401 0 .83332 0. 86390 0 .89703 0. 92251 0 .94672 0. 96201 0. 96838 
0 .60104 0. 61543 0 .63455 0. 64964 0 .66258 0. 68297 0 .69953 0. 71100 0 .71992 0. 72756 0 .73521 0. 73776 0. 73903 
0 .55610 0. 56600 0 .57249 0. 57784 0 .58218 0. 58524 0 .58727 0. 58829 0 .58804 0. 58664 0 .58383 0. 58078 0. 57899 
u .50560 0. 50968 0 .51222 0. 51286 0 .51222 0. 50968 0 .50585 0. 49502 0 .48279 0. 46597 0 .44660 0. 43361 0. 42927 
0 .454 76 0. 45272 0 .45004 0. 44635 0 .44214 0. 43641 0 .42889 0. 41806 0 .40506 0. 38646 0 .37079 0. 35932 0. 354 lu 
0 .42329 0. 42086 o. .41666 0. 41615 0 •40048 0. 38876 0 .37423 0. 35588 0 .33600 0. 31817 0 .30275 0. 29204 0. 28822 
0 .39946 0. 39245 0, .38366 0. 37334 u .36136 0. 34798 0 .33346 0. 31664 0 .29842 0. 28198 0 .26758 0. 25611 u. 25102 
ù .39^45 0. 38404 0 .37372 0. 36238 0 .34900 0. 33435 0 .31740 0. 30007 0 .28351 0. 26758 0 .25420 0. 24375 0. 23955 
0 .39436 0. 38672 0 .37754 0. 36722 0 .35512 0. 34187 0 .32759 0. 31154 0 .29561 0. 28070 0 .26885 0. 26057 0. 25853 
0 .41921 0. 41284 o, .40557 0. 39691 G .38531 0. 37245 0 .35728 0. 34161 0 .32492 0. 30937 0 .29574 0. 28580 0. 28198 
û .44469 0. 44074 0, .43526 0. 42915 0 .42048 0. 41144 0 .40022 0. 38825 0 .37461 0. 36174 0 .35040 0. 34187 u. 33817 
0 .40827 0. 49107 0 .49298 0. 49349 G .49337 0. 49196 0 .48929 0. 48521 J .47999 0. 47540 0 .47196 0. 46979 0. 46916 
0 . 5IC 70 0. 51668 0 .52242 0. 52841 0 .53427 0. 53975 0 .54472 0. 54918 0 .55300 0. 55618 0 .55835 0. 56013 G. 56J64 
u .55746 0. 57147 Û. 58613 0. 60053 0 •615C5 0. 62945 0 .64245 0. 65353 0 .66258 0. 67022 0 .67609 0. 68003 0. 68207 
J .65621 0. 67978 0, .70060 0. 71801 0 .73330 0. 74668 0 .75814 0. 76770 0 .77598 0. 78363 0 .78936 0. 79509 79764 
0 .71546 0. 75050 0, .78363 o. 81421 U .84288 0. 86900 0 .89321 0. 91551 0 .93462 0. 95118 0 .96392 0. 97603 0. 98622 
0 .79637 0. 84288 0, .88684 0. 92825 0 .96711 u 00342 1 .03846 1. 06968 1 .09899 1. 12575 1 .14868 1. 17034 1. 18754 
0, .86636 0. 92952 0, .98367 1. 03655 1 .08561 1. 13212 1 .17480 1. 21430 1 .25062 1. 28438 1 .31433 1. 34108 1. 36593 
0, .93653 1. 00 725 1 .08242 1. 15059 1 .21749 1. 28120 1 .33981 1. 39333 1 .44302 1. 48443 1 .51756 1. 54623 i. 56b9ti 
1, .01290 1. 09580 1, .18563 1. 27037 1 .35192 1. 42837 1 .50354 1. 57171 1 .63415 1. 69021 1 .73927 1. 77377 1. 8lv6Z 
L, 07669 1. 15824 1. .24679 1. 34172 1 .44047 1. 54177 1 .64370 1. 75010 1 .65140 1. 94059 2 .01195 2. 06674 2. 11006 
l, .14677 1. 24233 1. .34873 1. 46404 1 .58254 1. 70359 1 .82464 1. 94186 2 .05527 2. 15465 2 .«14385 2. 31775 2. 37691 
1 .20921 1. 31879 1 ,44111 1. 56853 1 .69913 1. 83483 1 .96799 2. (.9156 2 .20562 2. 31393 2 .41841 2. 50569 2. 54038 
1, .25635 1. 37612 1, ,50737 1. 64562 1 .78769 1. 93167 2 .06419 2. 18778 2 .30756 2. 40185 2 .51780 2. 60954 2. 659 6 7 
1 .26 311 1. 40989 1, .55196 1. 70041 1 .85395 2. 00557 2 .14255 2. 27124 2 .39165 2. 50187 2 .60062 2. 69173 2. 75607 
V .29713 1. 42709 1. .57044 1. 72270 1 .87943 2. 03042 2 .16612 2. 29609 2 .41459 2. 52353 2 .62356 2. 71466 2. 77327 
172 NORMALIZED CONCENTRATIONS AT AXIAi. DISTANCE 3< 
ANGULAR 
POSITION 
0.00 0.08 0.16 0.24 
0 0.50568 0.52245 0.54396 0.57097 
5 0.50568 0.52117 0.54268 0.56930 
10 0.50568 0.51989 0.54088 0.56726 
15 0.50568 0.51848 0.53858 0.56431 
20 0.50568 0.51720 0.53589 0.56073 
25 0.50568 0.51592 0.53256 0.55676 
30 0.50568 0.51464 0.52923 0.55189 
35 0.50568 0.51349 0.52591 0.54639 
40 0.50568 0.51234 0.52270 0.53960 
45 0.50568 0.51118 0,51976 0.53320 
50 0.50568 0.51029 0,51669 0.52744 
55 0.50568 0.50939 0.51413 0.52219 
60 0.50568 0.50849 0.51182 0.51630 
65 0.50568 0.50773 0.51003 0.51374 
70 0.50568 0.50696 Q.50824 0.51041 
75 0.50568 0.50645 0.50709 0.50811 
80 0.50568 0.50593 0.50606 0.50632 
85 0.50568 0.50555 0.50555 0.50542 
90 0.50568 0.50568 0,50542 0.50517 
95 0.50568 0.50606 0.50581 0.50593 
100 0.50568 0.50683 0.50683 0.50696 
105 0.50568 0.50773 0.50824 0.50977 
110 0.50568 0.50901 0.51003 0.51298 
115 0.50568 0.51041 0.51246 0.51720 
120 0.50568 0.51195 0.51554 0.52181 
125 0.50568 0.51374 0.51886 0.52680 
130 0.50568 0.51541 0.52270 0.53269 
135 0.50568 0.51720 0.52744 0.53884 
140 0.50568 0.51912 0.53256 0.54536 
145 0.50568 0.52117 0.52744 0.55215 
150 0.5*568 0.52334 0.54242 0.55919 
155 0.50568 0.52565 0.54652 0.56585 
160 0.50568 0.52783 0.55023 0.57122 
165 0.50568 0.52962 0.55330 0.57622 
170 0.50568 0.53141 0.95573 0.56019 
175 0.50568 0.53269 0.55778 0.58377 
ISO 0.30568 0.53371 0.55919 0.58620 
0.32 0.40 0.48 0.56 
0.60*38 0.66570 0.68900 0.74764 
0.60246 0.64087 0.68683 0.74572 
0.59939 0.63779 0.68171 0.73931 
0.59568 0.63280 0.67466 0.72779 
0.59094 0.62614 0.66442 0.71307 
0.58428 0.61744 0.65290 0.69579 
0.57647 0.60541 0.63754 0.67594 
0.56713 0.59260 0.62282 0.65674 
0.55714 0.57993 0.60809 0.63754 
0.54690 0.56777 0.59401 0.61834 
0.53768 0.55573 0.57929 0.59913 
0.52987 0.54511 0.56585 0.57993 
0.52322 0.53512 0.55305 0.56329 
0.51720 0.52616 0.54024 0.54664 
0.51259 0.51848 0.52552 0.53064 
0.50926 0.51067 0.51285 0.51528 
0.50696 0.50696 0.50657 0.50632 
0.50542 0.50542 0.50542 0:50542 
0.50465 0.50209 0.50120 0.49736 
0.50542 0.50389 0.50312 0.50056 
0.50696 0.50696 0.50696 0.50696 
0.51029 0.51208 0.51720 0.51720 
0.51426 0.51848 0.52552 0.52808 
0.51925 0.52629 0.53576 0.54086 
0.52565 0.53512 0.54664 0.55497 
0.53346 0.54460 0.55817 0.56841 
0.54242 0.55484 0.57033 0.58377 
0.55241 0.56598 0.58249 0.59913 
Q.56213 0.57737 0.59465 0.61449 
0.57148 0.58889 0.60681 0.62922 
0.58057 0.60016 0.61962 0.64522 
0.58889 0.61001 0.63242 0.66058 
0.59606 0.61898 0.64458 0.67594 
0.60233 0.62730 0.65610 0.69003 
0.60771 0.63447 0.66570 0.70155 
0.61206 0.64061 0.67402 0.70923 
0.61578 0.64637 0.67786 0.70155 
0.64 0.72 0.80 0.88 
0.79756 0.86413 0.92814 1.00111 1 
0.79756 0.86413 0.92814 1.00111 1 
0.79244 0.85261 0.91790 0.98703 ] 
0.78092 0.83981 0.90510 0.97423 1 
0.76812 0.82573 0.88974 0.95887 1 
0.742*1 0.80012 0.86029 0.92430 C 
0.72203 0.77196 0.82701 0.88718 0 
0.70155 0.74764 0.80012 0.85709 U 
0.67796 0.71691 0.75916 0.80652 0 
0.64714 0.67979 0.71691 0.75660 : 
0.62090 0.64778 0.67850 0.71243 u 
0.60041 0.62282 0.64778 0.67530 0 
0.57097 0.58953 0.60937 0.63114 0 
0.56034 0.57289 0.58697 0.60169 0  
0.53800 0.54632 0.55465 0.56425 0 
0.51816 0.52104 0.52488 0.53000 0 
0.50888 0.50952 0.51112 0.51208 û 
0.50536 0.50472 0.50312 0.50152 0 
0.49416 0.49032 0.48552 0.47943 U 
0.49960 0.49832 0.49608 0.49352 0 
0.50632 0.50632 0.50632 0.50632 0 
0.51656 0.51912 0.52168 0.52552 0 
0.53448 0.54120 0.54792 0.55625 0 
0.54664 0.55369 0.56393 0.57769 U 
0.55529 0.56937 0.58537 0.60713 0 
0.57865 0.59529 0.61193 0.63242 0 
0.60425 0.62346 0.64394 0.66826 0 
0.61449 0.64650 0.67210 0.69899 0 
0.64266 0.66698 0.69387 0.72331 0 
0.65546 0.68107 0.71179 0.74379 0 
0.66826 0.69643 0.72715 0.76300 0 
0.68747 0.72075 0.75660 0.82957 0 
0.70667 0.74251 0.78092 0.82189 0 
0.72011 0.75660 0.79628 0.84109 0 
0.73547 0.77324 0.81485 0.86221 0, 
0.74444 0.78284 0.82509 0.87309 0. 
0.75084 0.79Ç52 0.83341 0.88206 0, 
Figure 39. Reynolds number 5,000, | - 19.5 
AMCE 39 INCHES (ANGULAR POSITION, DEGREES) RADIAL POSITION, 
RADIAL POSITION 
INCHES) 
0.88 0.96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2. CO 
0111 1.07665 1.15858 1.24819 1.34549 1.45302 1.56824 1.68986 1.83068 1.98431 2.15713 2.34916 2.50919 2.60136 2.63337 
0111 1.07537 1.15858 1.24819 1.34549 1.45302 1.56824 1.68986 1.83068 1.98431 2.15713 2.34916 2.50919 2.60136 2.63337 
8703 1.06256 1.14578 1.23283 1.32757 1.43382 1.54648 1.66938 1.80508 1.95870 2.13153 2.30436 2.45798 2.55656 2.59624 
7423 1.04846 1.12657 1.21107 1.30580 1.40438 1.51575 1.63225 1.76027 1.90749 2.06752 2.25059 2.40421 2.50151 2.53607 
5887 1.03056 1.10737 1.19058 1.28020 1.37493 1.47735 1.58745 1.70906 1.83708 1.97919 2.13665 2.30436 2.42854 2.47078 
2430 0.9665» 1.06897 1.14450 1.22643 1.31732 1.41462 1.51703 1.63097 1.75387 1.88829 2.03551 2.19682 2.34788 2.40933 
3718 0.95119 1.01776 1.08817 1.17010 1.25203 1.34421 1.4402% 1.54904 1.66042 1.78588 1.92670 2.07392 2.23395 2.33124 
>709 U.91534 0.98063 1.04976 1.12081 1.19955 1.28020 1.36981 1.46583 1.56760 1.67642 1.79292 1.92222 2.03551 2.11041 
1652 0.85773 0.91534 0.97487 1.0 3888 1.10865 1.18418 1.26740 1.35445 1.44790 1.54904 1.65594 1.7570f 1.84220 1.9023f 
>660 C.80204 0.85133 0.90254 0.95823 1.01776 1.08305 1.15602 1.23539 1.32052 1.40822 1.50423 1.58873 1.65914 1.70522 
1243 v.75:20 0.78924 0.83213 0.88142 0.93454 0.99215 1.05616 1.12657 1.19827 1.27380 1.35189 1.42102 1.48183 1.52408 
r530 0.70411 0.73483 0.76812 0.80396 0.84493 U.89038 0.94095 0.99599 1.05616 1.12017 1.18674 1.24691 1.29748 1.32628 
1114 û.65418 0.67850 0.,0411 0.73611 0.76812 0.80652 0,84493 0.88590 0.93198 0.97743 1.01968 1.06064 1.09521 1.11505 
1169 0.61770 0.63370 0.65098 0.66980 0.68939 0.71115 0.73355 0.75916 0.79020 0.81901 0.85197 0.87373 0.90350 0.91473 
425 0.57385 0.58473 0.59497 0.60617 0.61834 0.63146 0.64554 0.66090 0.67914 0.68907 0.70091 0.71019 0.71755 0.72235 
1000 0.53512 0.54056 0.54696 0.55337 0.56073 0.56873 0.57609 0.58345 0.59209 0.59945 0.60585 0.61097 0.61449 0.61610 
208 Ù.5124-' 0.51272 0.51304 0.51336 0.51400 0.51528 0.51528 0.51528 0.51528 0.51496 0.51464 0.51432 0.51400 0.51336 
152 0.49800 0.49448 0.48968 0.48423 0.47879 0.47207 0.46503 0.45799 0.45191 0.44551 0.43943 0.43463 0.43015 0.42/91 
943 0.47271 0.46599 0.45927 0.45223 0.44583 0.43879 0.43239 0.42663 0.42022 0.41542 0.41030 0.40646 0.40390 0.4026; 
352 0.49096 0.48872 0.48552 0.48167 0.47783 0.47367 0.46887 0.46375 0.45767 0.45223 0.44807 0.44391 0.44103 U.43879 
632 0.50632 0.50664 0.50728 0.50824 0.50856 0.50888- 0.50920 0.50952 0.51080 0.51208 0.51304 0.51336 0.51368 0.51368 
552 0.52872 0.53320 0.53768 0.54280 0.54824 0.55593 0.56361 0.57289 0.58281 0.59433 0.60617 0.61546 0.62186 0.62442 
625 3.56489 0.57513 0.58601 0.59785 0.61129 0.62602 0.64234 0.66154 0.68141 0.70635 0.73387 0.75564 0.77292 Ci.78412 
769 0.59305 0.61065 0.63050 0.65226 0.67658 0.70347 0.73291 0.76524 0.80012 0.83885 0.88046 0.92206 0.95991 0.98639 
713 0.62410 0.64714 0.67338 0.70251 0.73515 0.77164 0.81197 0.85613 0.90702 0.96335 1.02416 1.08785 1.13201 1.14962 
242 0.65418 0.67850 0.70795 0.74123 0.77836 0.82061 0.87053 0.92814 0.99983 1.08561 1.18930 1.31860 1.40182 1.42614 
826 0.69515 0.72587 0.76044 0.80012 0.84493 0.89614 0.95887 1.03056 1.11505 1.21619 1.33781 1.48119 1.61049 1.64889 
399 0.72971 0.76428 0.80396 0.84749 0.89870 0.96015 1.03440 1.12017 1.21875 1.34421 1.49143 1.68986 1.80508 1.84220 
$31 0.75788 0.79372 0.83725 0.88462 0.94223 1.01136 1.09457 1.19442 1.31220 1.45302 1.63225 1.83580 1.95486 2.03551 
379 0.78092 0.82317 0.87053 0.92814 0.99215 1.07409 1.16626 1.26868 1.40822 1.56824 1.76027 1.95870 2.09312 2.14113 
>00 0.80396 0.84877 0.89870 0.96015 1.03440 1.12529 1.23219 1.35701 1.51319 1.69626 1.89725 2.08672 2.20194 2.24035 
157 0.84301 0.89486 0.95311 1.02224 1.10609 1.20275 1.31220 1.44406 1.60537 1.79484 1.99711 2.20194 2.26211 2.36837 
.89 0.86989 0.92302 0.98575 1.06064 1.15218 1.25459 1.37621 1.52216 1.69946 1.89085 2.09440 2.28643 2.42726 2.49639 
09 0.89102 ' 0.94735 1.01264 1.09201 1.18930 1.30068 1.43382 1.60025 1.78716 1.98303 2.18018 2.35620 2.49703 2.63721 
121 0.91278 0.97231 1.03888 1.11825 1.22195 1.34165 1.48503 1.66042 1.84989 2.04832 2.23843 2.40741 2.54119 2.61160 
09 0.92430 0.98383 1.05424 1.13426 1.24179 1.37173 1.52792 1.70906 1.90109 2.09504 2.25315 2.43238 2.56040 2.62825 
06 0.93454 0.99407 1.06256 1.14770 1.25459 1.38901 1.54904 1.73019 1.92030 2.11873 2.29475 2.45158 2.57768 2.64041 




0.00 0.08 c.16 0.24 
0 0.78626 0*79264 0.79750 0.80835 
5 0.78626 0.79244 0.79725 0.80766 
10 0.78626 0.79215 0.79691 0.80658 
15 0.78626 (J.79186 6.79647 0.80520 
20 0.78626 0*79156 0.79568 0.80373 
25 0.78626 0,79117 0*79*09 0.80216 
30 0.78626 0.79068 0.79421 0.80049 
35 0.78626 0.79009 0.79333 0.79863 
40 0.78626 0.78950 0.79235 0.79686 
45 0.78626 0.78891 0.79136 0.79509 
50 0.78626 0.78852 0.79028 0.79343 
55 0.78626 0.78803 0.78920 0.79166 
60 0.78626 0.78773 0.78622 0.79019 
65 0.78626 0.78685 0.78734 0.76871 
70 0.78626 0.78626 0.78655 0.78714 
75 -0.78626 0.78626 0.78636 0.78636 
80 0.78626 0.78606 0.78567 0.78508 
85 0.78626 0.78597 0.78528 0.78439 
90 0.78626 0.78587 0.78508 0.78400 
95 0.78626 0.78587 0*78508 0.78390 
100 0.78626 0*78597 0.78557 0.78518 , 
105 0.78626 0.78626 0.78636 0.78606 
110 0.76626 0.78636 0.78665 0.78685 
115 0.78626 0.78665 0.78744 0.78862 
120 0.78626 0.76695 0*78773 0.78970 
125 0.78626 0.78773 0.78871 0.79166 
130 0.78626 0.78852 0.78979 0.79333 
135 0.78626 0*78901 0.79067 0.79509" 
140 0.76626 0.76950 0*79215 0.79666 
145 0.76626 0.76999 0.79352 0.79833 
150 0.76626 0.79066 0.79480 0.80010 
155 0.76626 0.79117 0.79617 0.80177 
160 0.76626 0.79186 0.79765 0.6035* 
165 0.76626 0.79244 0*79692 0.60540 
170 0.76626 0.79313 0*60010 0*60667 
175 0.76*26 0,79372 0*60069 0.80766 
180 0.76626 0.79362 0.80126 0.60635 
0.32 0.40 0.48 
0.81944 0.83043 0.84378 
0.til797 0.82945 0.84221 
0.81571 0.82729 0.83966 
0.81335 0.82454 0.83613 
0.81080 0.82052 0.83151 
0.80825 0.Si/38 0.82641 
0.80560 0.81374 0.82170 
0.80295 0.81041 0.81698 
0.80030 0.80648 0.81276 
0.79784 0.80295 U.80805 
C.79539 0.79951 0.8C393 
0.79284 0.79608 0.8C000 
0.79048 0.79264 0.79608 
0.78822 0.78960 0.79225 
0.78744 0.78622 0.78901 
0.78626 0.78597 0.78547 
0.76420 0.78322 0.78194 
0.78322 0.78184 0.78047 
0.78243 0.78076 0.77870 
0.78263 0.78135 0.77968 
0.78430 0.78361 0.78292 
0.78577 0.76557 0.78538 
0.78744 0.78832 0.78979 
0.78989 0.79156 0.79382 
0.79067 0.79313 0*79676 
0.79343 0.79637 0.80179 
0.79598 0.79951 0.80491 
0.79853 0.80275 0.80972 
0.80118 0.80609 0.81374 
0.80393 0.60933 0.81787 
0.60658 0.81276 0.82179 
0.80933 0.61600 0.82552 
0.81206 0.61924 0.82935 
0.81473 0.62246 0.63240 
0.81669 0.62533 0.635*4 
0.81626 0.62766 0.63642 
0.61695 0.82945 0.84103 
0.56 0.64 0.72 
0.85909 0.87559 0.89571 
0.85615 0.87362 0.89325 
0.85252 0.86921 0.88933 
0.84849 0.86479 0.68344 
0.84417 U.85792 0.87706 
0.63927 0*85203 0.86871 
0.83416 0.84565 0.86086 
0.82778 0.83828 0,85419 
0.82297 C.83377 0.84810 
0.01718 U.82572 0.83652 
0.81109 0.81865 0.82847 
0.8^491 U.80982 0.81924 
0.79912 0.80334 0.8C923 
0.79343 0.79627 0.80040 
o.Tsoae i 0.79274 0.79568 
0.785C8 0.78557 0.78695 
0.78066 0.77939 0.77851 
0.77831 0.77644 0.77428 
0.77654 J.77399 0.77124 
0.77772 0.77566 0.77350 
0.78194 - V.78076 0.77959 
0.78606 0.78705 0.78901 
0.79136 J.79333 0.79608 
0.79657 0.80020 0.80471 
0.79912 .0.80393 0.80962 
0.80727 U.81178 0.81963 
0.81257 0.81885 0.82867 
0.81757 0. 82552 0.83632 
0.82258 0.83181 0.84398 
0.82749 0.83632 0.85026 
0.83240 0.83986 0.85536 
0.83711 0.84761 0.86381 
0.84182 0.65497 0.87215 
0.84643 0.86184 0.68148 
0.85105 0.86675 0.66540 
0.85467 0.67019 0.66962 
0.85752 0.67509 0.89522 
3.80 0.68 0.96 
0.91927 0.95117 u.98651 
0.91779 0.94822 0.98209 
0.90503 0.94430 v.97767 
0.90651 0.93546 0.96982 
0.89914 0.92712 -.95904 
0.88884 0.91436 ' J .  94528 
0.68148 0.90503 u.93448 
0.87362 0.89581 v.92074 
0.86443 0.88422 u.90719 
0.65C26 0.86891 0.68933 
0.84325 0.85399 ..87166 
0.82906 0.84123 j.8559b 
J.81669 0.826)1 u.6375-
0.60628 0.81374 O.82256 
-3.79951 0.6V452 j-.ei.3i, 
0.78891 0.79146 v.7949-
0.77841 0-77841 w77b71 
0.77193 0.76957 û.76712 
0.76839 0.76545 -.76221 
0.77144 0.76879 -.76614 
0.77841 0.77723 j.77595 
0.79028 0.79235 -.7946Û 
0.79971 0.80413 
0.81511 0.81689 .,.82552 
0.81728 0.82729 .8392/ 
0.82945 0.84162 C.85694 
0.84025 0.85497 0.87/64 
0.84908 0.86577 ù.8854j 
0.85968 0.87990 0.90266 
0.86832 0.89031 u.91642 
0.87460 0.89895 0.92663 
0*88344 0.90847 0.93939 
0.89325 0.91976 0.95117 
0.90307 0.93105 0.96148 
0.90945 0.93792 0.97031 
0.91436 0.94332 0.97620 
0.91927 0.94724 0.96062 
Figure 40. Reynolds number 5,000, £ • 25.5 
SI IHCBES(ABGOLAR 
RADIAL POSITION 
POSITION, DEGREES; RADIAL POSITION, INCHES) 
0.96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
u.98651 1.02577 1.06945 1.11608 1.16810 1.22356 1.28148 1.34479 1.40957 1.47731 1.54553 1.60491 1.65399 1.68295 
0.98209 1.02086 1.06356 1.11019 1.16123 1.21620 1.27313 1.33497 1.40074 1.46847 1.53375 1.59412 1.64418 1.67461 
v.97767 1.01595 1.05718 1.10430 1.15436 1.20786 1.26528 1.32614 1.38994 1.45424 1.52148 1.58037 1.62945 1.65792 
0.9698^ 1.00663 1.04835 1.09350 1.14307 1.19559 1.25154 1.31043 1.37276 1.43510 1.49988 1.55632 1.60442 1.63043 
,.9590<; 0.99485 1.03362 1.07681 1.12393 1.17595 1.22994 1.28638 1.34872 1.41056 1.47191 1.52540 1.57056 1.59510 
1.94528 0.97914 1.01694 1.05914 1.10430 1.15436 1.20737 1.26184 1.32172 1.38209 1.43853 1.48859 1.53031 1.55043 
u.93448 0.96687 1.00319 1.04295 1.08614 1.13375 1.18332 1.23632 1.29080 1.35019 1.40467 1.45277 1.48516 1.49546 
0.92074 0.94822 0.98160 1.01890 1.06405 1.11510 1.16810 1.22405 1.27706 1.32418 1.36678 1.41154 1.43510 1.44688 
v.90719 0.93350 0.96393 0.99730 1.03814 1.08467 1.13473 1.18773 1.23976 1.28825 1.33222 1.37326 1.40074 1.40859 
3.U8933 0.91289 0.93998 0.96982 1.00417 1.U4442 1.08957 1.13610 1.18440 1.23289 1.27804 1.31907 1.34577 1.35461 
J.87166 Ô.119129 0.91485 0.94135 0.97198 1.00712 1.04501 1.08761 1.13080 1.17399 1.21326 1.24663 1.26999 1.27843 
j.H559!> 0.87343 0.89325 0.91563 0.94155 0.97060 1.00202 1.03657 1.07406 1.11313 ' 1.15141 1.18616 1.20501 1.21070 
j.8375. 0.65163 0.86773 0.88599 0.90680 0.92977 0.95608 0.98336 1.01301 1.04560 1.07897 1.10724 1.12000 1.12550 
3.82258 0.83416 0.84673 0.86145 0.87755 0.89522 0.91465 0.93566 0.95804 0.98160 1.00575 1.02283 1.03284 1.03676 
i.81.31 0.81767 0.82552 0.83455 0.84506- 0.85674 -0.86970 0.88344 0.89816 0.91426 0.92761 0.93723 0.94371 0.94724 
.7949. 0.79882 0.80305 0.89805 0.81365 0.81944 0.82552 0.83240 0.83927 0.84594 0.85134 0.85566 0.85841 0.85939 
..77o7I 0.77939 0.78047 0.78174 0.78322 0.78459 0.78606 0.78705 0.78783 0.78832 0.78852 0.78871 0.78871 0.78871 
,.76712 0.76447 0.76211 0.75966 0.75750 0.75544 0.75367 0.75190 0.75024 0.74916 0.74827 0.74786 0.74768 0.74768 
.76221 0.75897 0.75583 0.75289 0.74994 0.74700 0.74425 0.74189 0.73963 0.73777 0.73620 0.73512 0.73424 0.73424 
..76614 0.76388 0.76143 0.75927 0.75711 0.75524 0.75347 0.75190 0.75043 0.74916 0.74817 0.74749 0.74709 0.74700 
1.77595 0.77468 0.77360 0.77271 0.77213 0.77154 0.77095 0.77065 0.77055 0.77046 0.77046 0.77046 0.77046 0.77346 
.7946: U.798C4 0.80069 0.80393 0.80746 0.81198 0.81473 0.81865 0.82238 0.82552 0.82857 0.83073 0.83240 0.83308 
.U014J 0.81620 0.82454 0.83298 0.84260 0.85242 0.86273 0.87362 0.88305 0.89109 0.89777 0.90307 0.90660 0.90827 
.8255^ 0.83514 0.84614 0.85792 0.87146 0.88599 0.90189 0.91878 0.93644 0.95411 0.96884 0.97846 0.98435 0.98690 
.8392/ 0.85242 0.86773 0.88363 0.90209 0.92172 0.94332 0.96589 0.98945 1.01497 1.04049 1.05816 1.06680 1.06994 
.85694 J.87323 0.89168 0.91289 0.93546 0.96000 0.98709 1.01536 1.04638 1.07779 1.10940 1.13865 1.14965 1.15554 
.87264 0.89168 0.91387 J.93841 0.96609 0.99632 1.02871 1.06405 1.10135 1.13767 1.17301 1.20540 1.22994 1.23721 
• 8854j 0.90719 0.93252 0.96118 0.99240 1.02675 1.06405 1.10253 1.14101 1.18165 1.22209 1.25959 1.28982 1.30454 
•90266 0.92761 0.95608 0.98749 1.02322 1.06229 1.10528 1.14847 1.19225 1.23485 1.27411 1.31043 1.34086 1.35343 
.91642 0.94528 0.97748 1.01301 1.05129 1.09527 1.14081 1.18989 1.23878 1.28334 1.32516 1.36442 1.38994 1.39976 
.92663 0.95981 0.99632 1.03657 1.08231 1.12098 1.18145 1.23092 1.27843 1.32123 1.36030 1.39583 1.42430 1.43608 
•93939 0.97178 1.00908 1.04933 1.09399 1.14209 1.19264 1.24565 1.29767 1.34970 1.39583 1.41706 1.46945 1.48319 
.95117 0.98356 1.02184 1.06307 1.10773 1.15534 1.20589 1.25743 1.31436 1.36933 1.42332 1.47043 1.50675 1.52246 
.96148 0.99485 1.03215 1.07485 1.11902 1.16810 1.21914 1.27362 1.33007 1.31945 1.44491 1.49203 1.53031 1.54651 
.97031 1.00565 1.04393 1.08663 1.13375 1.18283 1.23681 1.29080 1.34970 1.40565 1.46062 1.50823 1.53964 1.56565 
.97620 1.01105 1.05031 1.09448 1.14160 1.19166 1.24368 1.30062 1.35951 1.41841 1.47240 1.52148 1.56074 1.57546 
.98062 1.01595 1.05522 1.09939 1.14700 1.19755 1.25154 1.30847 1.36835 1.42724 1.48319 1.5)178 1.56859 1.58135 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0.96 
0 0 .84738 0, ,85413 0 .86388 0, .87416 0.88755 0 .90395 0.92237 0.94326 0 .96394 0 .98579 1,00893 I .03121 l.G54 14 1. 
5 0 .64738 0, ,65402 0 .86345 0, .67373 0.88584 O .90267 0.92109 0.94230 0 .96308 0 .98579 1.00807 1 ,03057 1,05414 1. 
10 0 .84738 0, ,85381 0 .86281 0. .87288 0.88552 0 .90095 0.91873 0.93930 Û. 95933 0 .98129 1.00325 1 .02629 1,04878 1. 
15 0 .84730 0, ,85349 0 .86195 0, ,87170 0.88381 0 .89870 0.91584 0.93469 0 .95397 0 .97540 0.99629 I .01879 1..4.21 1, 
20 0 .84738 0. ,85306 0 .86345 0, .87213 0.88166 0 .89559 0.91177 0.92130 0 .94808 0 .96844 0.98879 I .01022 1.Û3164 1, 
25 0 .84738 0. ,85263 0 .86152 0. .86774 0.87898 0 .89163 0.90684 0.92248 u, .94219 c .96201 0,98129 1, .00111 i.:22v; 1, 
30 0 .84738 0. ,65210 0 .85820 0. ,66559 0.87620 0 ,88723 0.90095 0.91616 0. .93008 0, .94915 0.96683 0, .98558 l.CO't tic# 1, 
35 0 .84738 0. .85156 0 .85670 0. .86345 0.87256 0, .88273 0.89527 0.90909 o. .92248 0 .93898 0.95569 0, .97294 0.99w50 1. 
40 0 .84738 0. 85092 0 .85542 0. » 86666 0.66881 0, .87645 0.88938 0.90202 0, .91434 0, .92987 0.94594 0, .96222 j.97915 0. 
45 0 .84738 0. ,85017 0 .85402 0. ,85874 0.86484 0. .87384 0.88359 0.89452 0. .90619 0, .92130 J.93662 0, .95237 v.96d 44 0, 
50 0 .84738 0. 84942 0 .85263 0. ,85649 0.86163 0, .86902 0.87738 0.88648 0. .89773 0, .91112 0.92580 0. ,94058 L.9559: 0, 
55 0 .84738 0. 84867 0 .85102 o. .85081 0.85842 o. .86399 0.87127 0.87845 Û, .88809 0, .89923 0.91123 0, ,925:5 .93973 3. 
60 0 .84738 0. 84802 0 .84952 0. ,85145 0.85542 0. ,85917 0.86484 0.87127 0. ,87964 c, .88916 0.89880 0. ,90898 -.92.23 U. 
65 0 .84738 0. 84749 0 .84824 0. ,84920 0.85231 0, ,85467 0.85874 0.66334 0. ,87009 0, .87727 C.88509 0. ,88338 u.9039» 0, 
70 0 .84738 0. 84695 0 .84642 0. 84685 0.84770 0, ,84942 0.65167 0.85488 0. ,65917 0 .  ,86495 0.67159 0. ,87868 :.Û66Ô. 0, 
75 0 .84738 0. 84674 0 .84610 0. 84588 0.84524 0. ,84524 0.84545 0.84577 0. ,85060 0, ,84856 0.85102 0. ,85413 0,85831 0, 
80 0 .84738 0. 84652 0 .84567 0. 64460 0.64417 0. 84331 0.84288 0.84256 0. ,84213 0. ,84203 0.84235 0. ,84310 J.B44 id 0. 
85 0 .84738 0. 84642 0 .84524 0. 84406 0.84256 0. ,84128 0.84010 0.6367U 0. ,83753 0. ,83624 0.83528 0. ,63431 -.83343 0. 
90 0 .84738 0. 84631 0 .84481 0. 84331 0.84192 0. 83978 0.83742 0.83538 0. ,83303 Û. ,83056 U.82842 0. .82596 0.02301 j. 
95 0 .84738 0. 84642 0 .84567 0. 84438 0.84288 0. 84095 0.83967 0.83660 0. 83753 0. 83667 0.83592 0. 83517 v.83431 0. 
100 0 .84738 0. 84652 0 .84610 0. 84524 0.84417 0. 84310 0.84181 0.84074 0. ,63976 0, ,83892 0,83828 0. .83860 v.83903 0« 
105 0 .84738 0. 84663 0 .84642 0. 84588 0.84599 0. 84610 0.84620 0.84626 0. 84631 Ù. ,84652 0.84738 0. 84931 8516 Z 0. 
110 0 .84738 0. 84738 0 .84760 0. 84802 0.84845 0. 84931 0.65038 0.85156 0. 85295 0. ,85488 0.85 724 0. 86109 j.86399 0, 
115 0 .84738 0. 84781 0 .84867 0. 84963 0.85135 0. 85274 0.85445 0.85681 0. 85917 0. 86227 0.86559 0. 86988 J. 874 ? y 0. 
120 0 .84738 0. 84845 0 .84974 0. 85135 0.85327 0. 85638 0.85895 0.86195 0. 86559 0. 86988 0.87523 0. 88145 ..8885J 0. 
125 0 .84738 0. 84920 0 .85135 0. 85381 0.85692 0. 86142 0.86474 0.66849 u. 67416 0. 88038 U.88702 0. 89452 j.9036.1 0. 
130 0 .84738 0. 84974 0 .85317 0. 85563 0.85927 0. 86452 0.86891 0.87384 0. 86059 0. 88755 0.89591 0. 90523 j.91594 0, 
135 0 .84738 0. 85027 0, ,85381 0. 85777 0.86163 0. 66731 0.87309 0.67952 0. 88702 0. 69559 J.90469 0. 91498 ..92644 0, 
140 0 .84738 0. 85092 0, .85231 0. 85959 0.86399 0. 86999 0.67684 0.88402 u. 69280 0. 90234 0.90469 0. 92556 u.9393-: 0. 
145 0 .84738 0. 85145 0, .65617 0. 86120 0.66591 0. 67256 0.88C27 0.88745 0. 89687 0. 90780 0.91948 0. 93308 0.94808 0. 
150 0 .84738 0. 85188 0 .85445 0. 86259 0.86795 0. 87513 0.88338 0.89130 0. 69966 0. 90994 0.92194 0. 93608 3.95130 0. 
155 0 .84738 0. 85242 0 .85799 0. 86602 0.66986 0. 87716 0.88595 0.89452 0. 90416 0. 91380 0.92666 0, 94015 u .95622 0. 
160 0 .84738 0. 85274 0, .85874 0. 86506 0.87149 0. 87677 0.86852 0.89741 u. 90684 0. 917L1 0.93030 0. 94487 0.96372 0. 
165 0 .84738 0. 85317 0 .85949 0. 86602 0.87288 0. 88070 0.89034 0.89987 0. 91059 0. 92130 0,93437 0. 95130 J.97144 0, 
170 0 .84738 o. 85338 0 .86002 0. 86666 0.87395 0. 88209 0.89205 0.90191 u. 91284 0. 92516 0.93887 0, 95665 j.97786 1 
175 0 .84738 0. 85370 0 .86045 0. 86720 0.87491 0. 863Û6 0.89334 0.9C341 0. 91530 0. 92944 0.94380 0, 962C1 J.96386 1. 
180 0 .84738 0. 85381 0 .86067 0. 86741 0.87523 0. 88391 0.89377 0.90459 0. 91680 0. 92967 0.94423 0. 96372 0.98536 1. 
Figure 41. Reynolds number 5,000, e - 37.0 
ICHES(ANGULAR POSITION, DEGREES? RADIAL POSITION, INCHES) 
1AL POSITION 
96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
>14 1 .07728 1. 10063 1 .12291 1. 14413 1 .16555 1. 18655 1 .20626 1. 22554 1 .24418 1 .26239 1. 27932 1. .29560 1. 31146 
rl4 1 .07728 1. 10063 1 .12270 1. 14413 1 .16555 1. 18644 1 .20626 1. 22554 1 .24483 1 .26197 1. 27911 1. 29571 1. 30696 
178 1 .07664 1. 09431 1 .11681 1. 13877 1 .15912 1. 17948 1 .19983 1. 21912 1 .23786 1 .25554 1. 27268 1. 28928 1. 30000 
,21 1 .06271 1. 08467 1 .10770 1. 12913 1 .15055 1. 17037 I .19019 1. 21CC1 1 .22876 1 .24697 1. 26411 1. ,28018 1. 29625 
64 1 .05253 1. 07449 1 .09592 1. 11734 1 .13877 1. 15859 1 .17841 1. 19715 1 .21590 1 .23411 1. 25125 1. 26732 1. 27643 
:v'. 1 .(4235 1. 06271 1 .08413 1. 10449 1 .12484 1. 14466 1 .16341 1. 18269 1 .20090 1 .21912 1. 23572 1. 248C4 1. 25929 
do 1 .02414 1. 04450 1 .06485 1. 08467 1 .10556 1. 12591 1 • 14573 1. 16502 1 .18376 I .20197 1. 22019 1. 23465 1. 24268 
• 50 1 .00861 1. 02 736 1 .04696 1. 06657 1 .08660 1. 10695 I .12731 1. 14777 1 .16769 I .16398 1. 20v05 I. 21312 1. 21912 
• 15 0 .99629 1. 01375 1 .03164 1. 05028 1 .06999 1. C8949 1 .10877 1. 12838 1 .14734 1 .16534 1. 18194 1. mtto 1. 19555 
i 44 0 .98472 1. 00165 1 .01932 1. 03743 1 .05542 1. 07374 1 .09249 1. 11092 1 .12913 1 .14627 1. 16127 1. 16941 1. 172 30 
• 9; 0 .97144 0. 96 708 1 .00336 1. ozoez 1 .03807 1. 05521 1 .07235 1. 08981 1 .13717 I .  12429 1. 14059 I. 14734 1. 1497. 
>73 0 .95505 0. 97058 0 .98665 1. 00336 1 .01943 1. 034ti6 1 .05092 1. C6635 1 .08135 1 .09549 1. 10UC2 1. 11520 1. 11756 
23 0 -93201 0. 94540 0 .95987 0. 97529 0 .99115 1. 00722 1 .02371 1. L4C21 1 .05628 1 .06849 1. 07664 1. 38199 1. C8446 
l 9o  0 .91434 0. 92*58 0 .93790 0. 95055 0 .96394 0. 97711 0 .99104 1. VL497 1 .01879 1 .03164 1. 04182 1. J4771 1. C4985 
0 .89505 0. .90416 0 .91348 0. 92344 G. 93394 0. 94380 0. .95451 0. 96522 •3 .97593 0 .98665 0 .99554 1. *0057 1. 002 5 J 
131 0 .86388 0. ,87095 0 .87866 0. 88734 0. ,89645 0. ,90555 0. ,91476 0. 92301 ù .92987 0 .93544 0 .93919 0. 94112 0 .  94165 
, id 0 .84610 0. 84899 0 .85220 0. 85627 0. 86088 0. 86538 0. 86966 0. 87320 0 .87652 0 .87941 0 .88166 0. 88336 0. 88381 
143 0 .83271 0. 83217 0 .83131 0. 83056 0. 82992 0. 829C6 0. ,82810 0. 82735 0 .82649 0 .82574 0 .82488 0. 82446 J. 82424 
181 j .82167 0. 81931 0 .81717 0. 81449 0. 61203 0. 809u3 0. 60635 0. 8C346 0 .80110 0 .79907 0 .79725 0. 79607 u. 79575 
,31 0 .83345 0. 83260 0 .83196 0. 83110 0. 83013 0. .82885 0. 82735 0. 82596 0 .82446 0 .82296 u .82189 0. 82092 V .  82.,60 
103 0 .84020 0. 84224 0 .84470 0. 84738 0. 85060 0. 854J2 0. 85734 0. 86045 0 .86345 0 .86602 0 .66806 0. 86956 J. 86988 
.6/ 0 .85488 0. 85917 0 .86474 0. 87170 0. *7952 0. 88809 0. 89773 0. 90737 0 .91712 0 .92698 0 .93458 0. 93919 j . 940 58 
199 0 .86870 0. 87438 0 .88166 0. 89034 0. 90084 0. 91262 0. 92580 0. 94080 0 .95772 0 .97593 J .99554 1. J1022 1. 01696 
> 7 j 0 .88134 0. 88948 0 .89955 0. 91102 u. 92409 0. 93844 0. 95440 0. 97111 0 .98879 1 .00818 I .02629 1. 04128 1. G490J 
I5J 0 .89687 0. 90737 0 .91841 0. 93169 0. 94615 0. 96308 0. 98108 1. OClll 1 .02254 1 .04418 1 •u6357 1. 07556 ' 1. C7953 
16.1 0 .91380 0. 92558 0 .93844 0. 95344 0. 97036 0. 98890 1. 00947 1. C3164 1 .05414 I .07556 t .09273 1. 10588 1. 11092 
,94 0 .92773 0. 94080 0 .95558 0. 97208 Û. 99072 1. 01182 1. 03378 1. 05628 1 .U79B5 1 .10288 1 .12270 1. 13588 1. 141 u-i 
>44 0 .93930 0. 95365 0 .96994 0. 98879 1. UlOOO 1. 03271 1. 05660 1. 08146 1 .10610 1 .12966 1 . 14948 1. 16319 1. 168Jc 
i3-: 0 .95397 0. 97058 0 .99040 1. 01236 1. 03550 1. 05960 1. 08403 1. 10792 1 •13C73 1 .15270 1 .17198 1. 18623 1. 19062 
108 0 .97272 0. 98483 1 .00754 1. 03164 1. 05757 1. 08360 1. 10974 1. 13341 1 .15516 I .17519 I .19351 1. 20787 1. 21590 
.30 0 .97036 0. 99200 1 .01664 1. 04343 1. 07021 1. 09678 1. 12270 1. 14777 1 .17219 1 .19576 1 .21762 1. 23733 1. 24525 
>22 0 .97701 1. 00057 1 .02650 1. 05414 1. 08199 1. 10984 1. 13706 1. 16341 1 .18912 1 .21269 1 .23454 1. 25125 1. 25961 
>72 0 .98536 1. 01107 1 .03871 1. 06699 1. 09549 1. 12377 1. 15077 1. 17691 1 .20262 1 .22661 1 .24890 1. 26604 1. 27354 
.44 0 .99458 1. 02200 1 .05092 1. 07985 1. 10877 1. 13770 1. 16534 1. 19148 1 .21697 I .23947 1 .26111 1. 27825 1. 28553 
T86 1 .00272 1. 03036 1 .06057 1. 08970 1. 11906 1. 14734 1. 17476 1. 20176 1 .22533 I .24975 1 .27097 1. 28789 1. 29453 
186 1 .00914 1. 03914 1 .06806 1. 09742 1. 12699 1. 15484 1. 18312 1. 21033 1 .23454 I .25768 1 .27689 1. 29603 1. 30310 
i 36 1 .01107 1. 03914 1 .06914 1. 09935 1. 12913 1. 15698 1. 18591 1. 21290 1 .23797 1 .25982 1 .28104 1. 29882 1. 30739 
175 










































0,16 0.24 0.32 0.40 0.64 0.72 0.80 0.88 0.96 1 .  
0.28902 0.39320 0.54521 0.77018 1 ..-8231 1.481 
0.28578 0.38509 0.53102 0.74586 I .03367 1.408 
0.27970 0.37293 0.50670 0.70127 3 ,9566t> 1.276 
0.26675 0.35469 0.47833 0.64655 u .  86747 1.132 
0.25396 0.32834 0.42968 0.56345 0 . 7316a 0.938 
0.23410 0.30098 0.36712 0.49454 0 .62426 0.776 
0.21342 0.26956 0.33544 0.41752 : .  *J 1. 7 5  0.62U 
3.19174 0.23714 0.28983 0.34760 J  . 4114 /  0.484 
0.16822 0.20106 0.23612 0.27463 J  , 3161b  0.357 
0.14573 0.16539 J.18647 0.20676 0  .23136  0.254 
0.12424 0.13519 0.14634 0.15809 u .   17 .  2 ' J  0.182 
0.10539 0.10924 0.11310 0.116*75 o .  .1212% 0.125 
0.08916 0.08999 0.09141 0.09161 : •  1 .9161 0.091 
C.07601 0.07499 0.07317 0.C7074 o  .  6J3  0.065 
0.067C9 0.06425 0 .Ù6U80 0.05716 o  . 531 - 0.C48 
0.06364 0.05995 0.05594 0.05126 , . 4o33  0.041 
0 .06020 0.05547 0.05006 0.04372 . : 375a  0.032 
0.05736 0.05148 0.04491 0.03851 
-
. Util 0.028 
0.05539 0.04925 0.04277 0.33628 V , : 3 . J5  V. 026 
0.05736 0.05148 0.04491 0.03851 
-
.  :3 : -83  0 .02d 
0.06020 0.05547 0.05006 0.04372 V'  .  3f5c  3 . . 32  
0.06364 0.05995 C.C5594 0.35126 .->4639 0.041 
0.06709 0.06425 0.06083 0.35716 : .  :5>u  0 .04b  
0.07601 0.07499 •J.07317 0 .37074  
-
. be. 3  0.065 
0.08919 0.08999 Û.V9141  0.09161 ,  9161  J.091 
0.10539 0.10924 0.11313 0.116*5 V,  . 1212- 3.125 
0.12424 0.13519 0.14634 0.15809 
-
. 17 :25  0.182 
0.14573 0.16539 0.18647 0.208 76 , 23U6 0.254 
0 .16822 0.20106 0.23612 0.27463 3 .  ,31 t> lô  0.357 
0.19174 0.23714 0.28963 0.34760 0 .  ':2 34 7 0.484 
0.21342 0.26956 0.33544 0.41752 j. 51 .  73  0.620 
0.23410 0.30098 0.38712 0.49454 3 .  62426 0.776 
0.25396 0.32834 0.42966 0.56345 j .  7316ft 0.938 
0.26675 0.35469 0.47833 0.64655 0 .  86747  1.132 
0.27970 0.37293 0.50670 0.70127 0 .  95665  1.278 
0.28578 0.38509 0.53102 0.74566 1. 03367 1.408 
0.28902 0.39320 0.54521 0.77018 1. 082 31 1.481 
Figure 42. Reynolds number 10,000, | « 8.94 
/8 IN. (ANGULAR POSITION, DEGREESf RADIAL POSITION, IN.) 
IAL POSITION 
,96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
?31 I .48159 1 .97816 2.59431 3.25302 4.01307 4, .80352 5.67505 6. 52630 7 .47890 8 .30989 6, .97874 9, .46544 9. 62731 
>67 X .40863 1 .87682 2.43216 3.06047 3.74958 4. .47923 5.26969 6. 06014 6 .89113 7 .70185 8. .28962 8. .71525 8, .95847 
>6b 1 .27891 1 .67819 2.15854 2.69565 3.27329 3. .93200 4.61098 5. 31022 6 .01960 6 .64791 7, .13435 7. .49917 7« .74239 
T47 1 .13298 1. .45930 1.84439 2.29029 2.78685 3. .30369 3.84079 4. 37789 4 .84406 5 .22915 5. .51290 5. .69532 5. .77639 
.6a 0 .93841 1, .18973 1.48159 1.81196 2.17831 2. 57404 2.95913 3. 34422 3 .67865 3 .93200 4. ,13468 4i 31709 4. 35763 
,26 0  .77627 0. .95462 1.16947 1.40457 1.65792 1. 91127 2.14841 2. 35109 2 .54364 2 .71592 2. 83752 2. ,91860 2. 93886 
.75 0 .62020 0. .74586 0.88571 1.03367 1.19176 1. 33769 1.45524 1. 54645 1 .61942 1 .67819 1. 72076 1. 74710 1. 76332 
14/ L) .48441 0. .55940 0.63439 0.70735 0.77829 0. 83504 0.87761 0. 91003 0 .93638 0 .95462 0. 96881 0. 97287 0. 97287 
.lb 0 .35773 0. .39725 0.43171 0.46008 0.48441 0. 50467 0.52292 0. 53305 0 .54318 0 .55129 0. 55534 (V.55737 0. 55737 
. Dû 0 .25436 0. .27666 0.29794 0.31618 0.32936 0. 33645 0.33949 0. 33645 0 .33544 0 .33341 0. 33240 0. 33138 0. 33138 
2 ' j  0 .18241 0. 19376 0.20471 0.21281 0.21687 0. 21687 0.21484 0. 20977 0 .20369 0 .19660 0. 19011 0. 18464 0. 18241 
L2-- 0 .12526 0. 12850 0.13154 0.13316 0.13336 0. 13215 0.12972 0. 12566 0 .11999 0 .11431 0. 10945 0. 10641 0. 10539 
161 0  .09141 0. 09060 0.08898 0.08695 0.08391 0. 08046 0.07641 0. 07134 0 .06648 0 .06222 0. 05898 0. 05716 0. 05635 
; 3 0 .06547 3. ,06222 U.05837 0.05472 0.05087 0. 04722 0.04378 0. 04054 0 .03790 0 .03547 0. 03344 0. 03212 0. 03142 
$1. 0 •C4864 0. 04378 0.0 3V32 0.03567 0.03243 0. 02979 0.02746 0. 02564 0 .02402 0 .02290 0. 02189 0. 02118 0. 020 88 
,35 V .04167 0. ,03750 0.03371 0.03030 0.02740 0. 02493 0.02278 0. 02088 0 .01946 0 .01826 0. 01741 0. 01688 0. 01672 
rsd 0 .03249 0. 02*21 0.02481 0.02189 0.01956 0. 01767 0.01619 0. 01496 0  .01398 0 .01317 0. 01261 0. 01218 0. 01198 
;o s 0 .02821 0. 02434 0.02128 0.01865. 0.01642 0. 01471 0.01336 0. 01220 0 .01133 0 .01058 0. 01009 0. 00973 0. 00963 
,")5 u .02641 0. 02270 0.01960 0.01700 0.01480 0. 01313 0.01174 0. 01058 0 .00971 0 .00855 0. 00847 0. 00811 0. 00792 
>83 0 .02621 0. 02434 0.02128 0.01865 0.01642 0. 01471 0.01336 0. C1220 0 .01133 0 .01058 0. 01009 0. 00973 0. 00963 
f5c 3 ..3249 0. 02821 0.02481 0.02189 0.01956 0. 01767 0.01619 0. 01496 0 .01398 0 .01317 0. 01261 0. 01218 0. 01198 
0 .04167 0. 03750 0.03371 0.03030 0.02740 0. 02493 0.02278 0. C2088 0 .01946 0 .01826 0. 01741 0. 01688 0. 01672 
)}* : .04064 0, 04378 0.03932 0.03567 0.03243 0. 02979 0.02746 0. 02564 0 .02402 0 .02290 0. 02189 0. 02118 0. 02088 
i l  0 •C6547 û. 06222 0.05837 0.05472 0.05087 0. 04722 0.04378 0. 04054 0 .03790 0 .03547 0. 03344 0. 03212 0. 03142 
L6L J .09141 0. 09o60 0.08898 0.08695 0.08391 0. 08046 0.07641 0. 07134 0 .06648 0 .06222 0. 05898 0. 05716 0. 05635 
L2- Ù, .12526 0. 12850 0.13154 0.13316 0.13336 0. 13215 0.12972 0. 12566 0 .11999 0 .11431 0. 10945 0. 10641 0. 10539 
: 2 b  0, .18241 0. 19376 0.20471 0.21281 0.21687 0. 21687 0.21484 0. 21977 G .20369 0 .19660 0. 19011 0. 18464 0. 18241 
. .6 0. .25436 0. 27666 0.29794 0.31618 0.32936 0. 33645 0.33949 0. 33645 0 .33544 0 .33341 0. 33240 0. 33138 0. 33138 
,10 0, .35773 0. 39725 0.43171 0.46008 0.48441 0. 50467 0.52292 0. 53305 0 .54318 0 .55129 0. 55534 0. 55737 0. 55737 
:W 0. .48441 0. 55940 0.63439 0.70735 0.77829 0. 83504 0.87761 0. 91003 0 .93638 0 .95462 0. 96881 0. 97287 97287 
73 0. .62020 0. 74586 0.88571 1.03367 1.19176 1. 33769 1.45524 1. 54645 1 .61942 1 .67819 1. 72076 1. 74710 1. 76332 
,26 û. .77627 0. 95462 1.16947 1.40457 1.65792 1. 91127 2.14841 2. 35109 2 .54364 2 .71592 2. 83752 2. 91860 2. 93886 
16ft 0. .93841 1. 18973 1.48159 1.81196 2.17881 2. 57404 2.95913 3. 34422 3 .67865 3 .93200 4. 13468 4. 31709 4. 35763 
F47 1, .13298 1. 45930 1.84439 2.29029 2.78685 3. 30369 3.84079 4. 37789 4 .84406 5 .22915 5. 51290 5. 69532 5. 77639 
>65 1. ,27891 1. 67819 2.15854 2.69565 3.27329 3. 93200 4.61098 5. 31022 6 .01960 6 .64791 7. 13435 7. 49917 7. 74239 
167 1. .40863 1. 87682 2.43216 3.06047 3.74958 4. 47923 5.26969 6. 06014 6 .89113 7 .70185 8. 28962 8. 71525 8. 95847 
?31 1, .48159 1. 97816 2.59431 3.25302 4.01307 4. 80352 5.67505 6. 52630 7 .47890 8 .30989 8. 97874 9. 48544 9. 62731 
176 




0.00 0.08 0.16 0.2* 0.32 0.40 0.48 3.56 0.64 0.72 0.80 0.8B 0.96 1 
0 0.16916 0.18692 0.21314 0.25424 0.31751 0.40056 0.50916 0.64280 0.80519 0.99972 1.22131 1.47167 1.74232 2.1; 
5 0.16916 0.18692 0.21212 0.25340 0.31497 0.39532 0.50240 0.63265 0.79166 0.98111 1.19594 1.41784 1.70103 1.9 
10 0.16916 0.18641 0.21094 0.25171 0.31091 0.38788 0.49056 0.61573 0.76713 3.94559 1.14181 t.36848 1.61 lb 1.81 
15 0.16916 0.18607 0.20908 0.24883 0.30465 0.37840 0.47364 0.59205 0.73330 0.9U668 1.C6760 1.29067 1.51'j j 1.7' 
20 0.16916 0.18506 0.20688 0.24528 0.29789 0.36690 0.45334 0.55822 0.67832 0.82718 0.78449 1.15873 l. )4(.4V 1.5' 
25 0.16916 0.18404 0.20451 0.24088 0.28977 0.35269 0.42966 0.51762 0.61996 0.73583 0.06270 1.00479 1.15673 1.3: 
30 0.16916 0.18269 0.20197 0.23631 0.28080 0.33679 0.40259 0.47956 J.56414 0.65971 0.76459 0.877 <: .-.194 64 1.1 
35 0.16916 0.18151 0.19893 0.23039 0.27065 0.31869 0.37722 0.43981 0.50747 0.58528 0.66140 0.74421 ..ti2ci/ 3.9: 
40 0.16916 0.18015 0.19571 0.22396 0.25932 0.29873 0.34423 0.39244 0.44150 0.50155 0.55737 0.61658 j;&766j 0.7: 
45 0.16916 0.17897 0.19267 0.21703 0.24629 0.27742 0.30617 0.34170 0.378*7 0.41613 0.45503 0.49225 
50 0.16916 0.17745 0.18929 0.20908 0.23242 0.25390 0.27573 0.29941 0.32478 0.34846 3.37291 C.^,,83 
55 0.16916 0.17592 0.18573 0.20045 0.21720 0.23039 0.24697 0.26219 0.27573 0.28 757 0.29856 0.30787 
60 0.16916 0.17423 0.18167 0.19149 0.20079 0.20975 0.21821 0.22667 0.23344 0.24U20 0.24359 0.24697 
65 0.16916 0.17288 0.17778 0.18286 0.18540 0.19098 0.19791 0.19961 0.20130 G.20130 0.19961 0.19791 
70 0.16916 0.17169 0.17406 0.17508 0.17423 0.17423 0.17254 0.16916 0.16425 0.15833 0.15173 0.14446 
75 0.16916 0.17000 • 0.16983 0.16747 0.16408 0.15952 0.15393 0.14717 0.13905 3.12974 0.12327 0.11:46 
80 0.16916 0.16882 0.16662 0.16290 0.15732 0.14937 0.14006 0.12924 3.11756 0.13623 3.J9456 0.38339 
85 0.16916 0.16780 0.16493 0.16036 0.15258 0.14378 0.13363 0.12179 0.10911 0.09625 0.1835#- 3. 77C6 
90 0.16916 0.16747 0.16391 0.15901 0.15089 0.14175 0.12991 0.11723 j.10437 0.09151 0.37866 0.06716 
95 0.16916 0.16747 0.16408 0.15901 0.15207 0.14209 0.13160 0.12010 j.10792 0.39524 3.38289 0.07155 
100 0.16916 0.16763 0.16442 0.15985 0.15393 0.14514 0.13516 0.12399 0.11249 0.10133 J.08813 0.07714 i.76766 
105 0.16916 0.16831 • 0.16560 0.16138 0.15698 0.14920 0.14091 0.13127 0.12078 0.10961 J9845 0.j8864 ...7993 0.0 
110 0.16916 0.16899 0.16679 0.16391 0.16070 0.15529 0.15021 0.14345 0.13583 0.12856 0.11993 0.11114 -.lO-lil 0.0 
115 0.16916 0.16950 0.16814 0.16713 0.16628 0.16324 0.16070 0.15749 0.15343 0.14852 C.14328 0.13820 J.13313 *'.1 
120 0.16916 0.17051 0.17034 0.17102 0.17237 0.17237 0.17592 0.18015 0.18184 0.18269 0.18269 0.18211 :.18K, 0.1 
125 0.16916 0.17119 0.17254 0.17559 0.17964 0.18438 0.19199 0.19876 0.20553 0.21145 0.21737 0.22329 3.23 -5 0.2 
130 0.16916 0.17237 0,17491 0.18049 0.18861 0.19639 0.20975 0.22498 0.24020 0.25543 0.27065 0.28672 u.30195 0.3 
135 0.16916 0.17305 0.17762 0.18607 0.19808 0.21145 0.22667 0.24782 0.27285 0.30110 0.32986 0.36115 U.39329 0.4 
140 0.16916 0.17423 0.18032 0.19216 0.20806 0.22701 0.25035 0.27809 0.31125 0.35692 0.40936 0.46349 u.51593 0.5 
145 0.16916 0.17525 0.18269 0.19842 0.21737 0.24477 0.28215 0.32952 0.38602 0.45672 0.53623 0.61235 u.67663 0.7 
150 0.16916 0.17609 0.18590 0.20434 0.22684 0.26186 0.31345 0.37807 0.45791 0.54722 0.64956 0.74767 J.84-,71 0.9 
155 0.16916 0.17728 0.18912 0.20959 0.23614 0.27776 0.33882 0.41934 0.51204 0.61742 0.73245 0.86270 0.99795 1.1 
160 0.16916 0.17795 0.19166 0.21398 0.24528 0.29247 0.36014 0.45165 0.56093 0.68678 0.82718, 0.98280 1.15534 1.3 
165 0.16916 0.17897 0.19419 0.21821 0.25424 0.30634 0.38196 0.48024 0.59966 0.74091 0.89822 1.08261 1.28559 1.5 
170 0.16916 0.17931 0.195T1 0.22160 0.26152 0.31768 0.39786 0.49901 0.62487 0.76797 0.94051 1.13674 1.36510 1.6 
175 0.16916 0.17981 0.19741 0.22413 0.26592 0.32326 0.40547 0.51035 0.63908 0.79504 0.97773 1.18410 1.43107 1.7 
180 0.16916 0.18032 0.19808 0.22599 0.26727 0.32664 0.41105 0.51813 0.64990 0.79842 0.98619 1.20778 1.45983 1.7 
Figure 43. Reynolds number 10,000, | « 11.5 
3 INCHES (ANGULAR POSITION, DEGREES j RADIAL POSITION, INCHES) 
RADIAL POSITION 
0.96 1.04 2.12 1.20 . 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
.74232 2.1.2989 2.34790 2.69129 3.04483 3.41528 3.79250 4.20017 4.61968 5.04427 5.44179 5.77333 5.98816 6.07274 
.70:03 1.97914 2.28531 2.61517 2.95518 3.31210 3.67240 4.04793 4.43192 4.83790 5.22357 5.56527 5.80547 5.91712 
.61 i b  1.86919 2.14999 2.44770 2.76234 3.08035 3.41528 3.75529 4.10206 4.43023 4.72287 4.96307 5.11362 5.15929 
,51'j i 1.74232 1.98083 2.23626 2.50522 2.77925 3.04483 3.29857 3.54046 3.75191 3.94136 4.08176 4.17818 4.21201 
.•)4(i4-> 1.54271 1.75078 1.96053 2.18551 2.39188 2.57796 2.75388 2.90612 3.03806 3.14802 3.23429 3.30026 3.34255 
.1587) 1.32281 1.48858 1.65943 1.82351 1.97914 2.11954 2.25825 2.37497 2.46969 2.54751 2.60502 2.64393 2.65577 
.19464 1.11475 1.23654 1.36510 1.48689 1.60192 1.70680 1.79814 1.88103 1.95038 2.00790 2.04680 2.07725 2.08909 
• t)2ci/ 0.91345 0.99634 1.08091 1.16211 1.23992 1.31943 1.38878 1.45475 1.51227 1.55794 1.59177 1.62053 1.62898 
;&766J 0.73753 0.79842 0.85763 0.91345 0.96589 1.01325 1.05723 1.09783 1.13166 1.15534 1.17395 1.18495 1.18748 
.',31 15 0.56752 0.60389 0.63857 0.67071 0.70200 0.72907 0.75444 0.77643 0.79504 0.81026 0.82126 0.82802 0.83056 
.41M3 0.43473 0.45080 0.46518 0.47871 0.49056 0.49986 0.50747 0.51508 0.52100 0.52439 0.52777 0.53031 0.53115 
.31/1/ 0.32478 0.33155 0.33578 0.34085 0.34339 0.34677 0.34846 0.34931 0.34931 0.35016 0.35016 0.34931 0.34931 
.24866 0.25035 0.25035 0.24951 0,24866 C.24697 0.24359 0.24189 0.23936 0.23682 0.23344 0.23175 0.22921 0.22836 
.19264 0.18946 0.18354 0.17931 0.17254 0.16797 0.16256 0.15749 0.15275 0.14835 0.14378 0.14074 0.13871 0.13820 
.13736 6.13059 0.12416 0.11807 0.11215 0.10691 0.10183 0.09777 0.09388 0.09084 0.08847 0.08661 0.08576 0.08509 
.10116 C.C9236 0.08458 0.07730 0.07071 0.06513 0.06047 0.05667 0.05362 0.05125 0.04956. 0.04838 0.04753 CI.04703 
. 7291 0.06428 0.05684 0.05092 0.04567 0.04144 0.03806 0.03502 0.03273 0.03079 0.02943 0.02842 0.02783 0.02757 
.6157 C.05312 0.04601 0.04026 0.03586 0.03197 0.02910 0.02656 0.02470 0.02301 0.02174 0.02081 0.02030 0,02013 
OS/51 0.04922 0.04263 0.03738 0.03315 0.02960 0.02673 0.02453 0.02267 0.02131 0.02013 0.01928 0.01878 0.M861 
'61 7-. 0.65328 0.04652 0.04094 0.03620 0.03231 0.02926 0.02673 0.02470 0.02301 0.02174 0.02072 0.02021 0.02013 
76766 0.05971 0.05320 0.04753 0.04297 0.03908 0.03603 0.03341 0.03129 0.02943 0.02825 0.02723 0.02656 0.02639 
.7993 0.07206 0.06555 0.05988 0.05481 0.05058 0.04703 0.04398 0.04136 0.03924 0.03755 0.03603 0.03518 0.03493 
10JI1 0.09608 0.08965 0.08390 0.07883 0.07443 0.07071 0.06749 0.06462 0.06233 0.06073 0.05954 0.05878 0.05844 
13313 v.12839 0.12399 0.12010 0.11655 0.11334 0.11029 0.10775 0.10538 0.10369 0.10183 0.10082 0.09980 0.09946 
0.17846 0.17592 0.17423 0.17169 0.16797 0.16544 0.16290 0.16070 0.15850 0.15664 0.15529 0.15410 0.15393 
0.23513 0.24020 0.24443 0.24866 0.25120 0.25374 0.25374 0.25374 0.25204 0.25120 0.25120 0.25035 U.25035 
0.31802 0.33239 0.34508 0.35523 0.36369 0.36961 0.37553 0.37976 0.38314 0.38568 0.38652 0.38737 0.38737 
39)29 0.42543 0.45672 0.48717 0.51593 0.54130 0.56329 0.58021 0.59374 0.60474 0.61404 0.61996 0.62588 0.62757 
51593 0.56329 0.60051 0.63941 0.67663 0.71046 0.74429 0.77981 0.81026 0.83902 0.86270 0.87793 0.88808 0.89315 
67663 0.73753 0.79927 0.86270 0.92698 0.99295 1.05892 1.12659 1.18748 1.24331 1,29067 1.32788 1.35157 1.35833 
B4-,71 0.93375 1.03355 1.13843 1.24331 1.34818 1.45137 1.54779 1.63913 1.71695 1.79307 1.84381 1.87764 1.88610 
1.13335 1.27545 1,42261 1.57147 1.70849 1.84043 1.95884 2.06372 2.15845 2.23457 2.29715 2.33437 2.36482 
1.34987 1.55455 1.75754 1.94869 2.13476 2.31238 2.48492 2.65238 2.80463 2.94672 3.06174 3.13448 3.17677 
1.51227 1.75923 2.02312 2.30730 2.57626 2.82831 3.06682 3.28165 3.46772 3.63350 3.76036 3.82972 3.86186 
1.62391 1.91148 2.23795 2.58303 2.95179 3.29857 3.65210 3.97689 4.27291 4.53341 4.77023 4.95969 5.03750 
1.70849 2.01297 2.35636 2.74035 3.12772 3.55230 3.96674 4.37948 4.75839 5.09671 5.37920 5.57711 5.64985 
1.75247 2.06879 2.42910 2.81647 3.23259 3.67748 4.10714 4.51819 4.90556 5.22696 5.51114 5.73443 5.85284 




0.00 0.08 0.16 0.24 0.32 0.40 <'.48 v . 56 0.64 v .72 v . 6. C.dd 0.96 
0 v.30406 0.32722 0.36785 0.42682 3.50155 0.591J7 0.69337 0.61556 j.959"6 1.12246 1.P9296 1.47624 1.66237 .6 
5 C'.3G406 0.32679 0.36558 0.42312 0.49643 0.56538 0.66513 0.O.7C3 .94769 L.IJ625 1.28"17 1.4606? 1.64617 .£ 
10 C.304C6 0.32594 J.36231 0.41815 3.49218 0.576o6 3.67347 0./O714 3.91928 1.07131 1.2J1H6 1.40216 1.5757 . 
15 -.3C406 0.32466 0.35690 0.41162 0.4813b 0.56833 0.60211 0./G69 7 .60234 1.30879 1.146:3 1.29560 1.454 4j .< 
20 c • 3C4C6 G.32261 0.35450 0.40352 0.46774 0.54134 0.6246C 0.71894 .82471 0.94627 1.06647 I. 19 776 l.Wau .4 
25 ;.3C406 0.32082 0.34952 0.39329 v.45211 0.519J1 J.59391 0.67731 .7 70*9 0.873rfl 0.9769!? 1.-8970 1.20/7J 
30 ;..3u436 0*31812 3.34398 0.38192 0.43577 C.49658 0.56265 0.b35o2 . Z1L.19 0.79922 *..,18944 0.96464 1. 84 (.1 
35 i .30406 0.31528 0.33602 0.37041 C.41417 0.46532 0.51974 0.5 7826 .64151 0.71113 3.76146 C.65204 ..'*36 3 1 •c 
40 0.30406 0.31273 0.33120 0.35919 0.39414 0.43733 0.43166 0.5:855 .57606 J.62943 ...662:- t.73670 -.79-4, U .£ 
45 C.30406 0.31345 3.32480 0.34810 0.37624 0.40920 0.45182 0.47611 .51548 55270 v.5#i:7 0.63.14 • o6'»2l J .3 
50 u.30406 0.30875 0.31912 0.33773 0.35846 0.36647 0.4U33 0.438/5 O .46603 0.49445 j.52287 549b6 .5775/ û .6 
55 0.30406 0.30718 0.31386 0.32708 0.34214 0.35663 0.3/439 0.39266 : .41204 0.43193 1.44 964 O.46807 . .48 J 77 0 .5 
63 J.30406 0.30605 0.33669 0.31713 C.32594 C.3329(3 0.342 70 0.35265 
-
.36345 .37366 'J.36505 0.39570 ..4Co30 
-
.4 
65 C.30406 0.30519 0.30505 0.30761 0.31230 0.31614 0.31898 0.3*125 : .32281 0.32381 0.32423 C.32416 • 32^-JC 0 .3 
70 0.30406 0.3C420 0.30150 0.29951 C.29923 0.29710 0.24482 0.^9184 ,.28871 0.26360 J • 2 7 HI "3 f.Z72.2 . »/6,/5V 0 .2 
75 v.30406 0.30363 3.29852 0.29312 0.28729 0.280/6 0.2 7294 0.26427 .25476 C.245 9 ..23 "72 C.22641 . .217:; 0 .2 
a j  u.30406 0.30264 0.29639 0.28814 0.27749 0.26527 0.25220 0.21941 
-
.22776 t.216 4 - .2..46; u.19330 -.182 56 0 .1 
85 0.30406 0.30235 3.29496 0.28502 0.27209 0.25745 0.24296 0.22847 .21483 . .20163 . .18911" 0.17662 ..16439 0 .1 
90 U.30406 0.30193 J.29454 0.28388 0.26953 0.25362 0.23656 0.2/321 
-
.20844 0.19458 .18109 0.16767 .15,72 0 .1 
95 0.10406 0.30164 0.29^25 0.28445 0.27166 0.25532 û.24154 0. <12634 
-
.21156 9.19764 >.1845/ 0.17199 .15 m u .1 
103 30406 0.3C221 0.29596 0.28715 0.27720 0.26413 3.25C07 0.23657 .22335 0.21092 0.1987V 0.18664 -.17561 0 .1 
105 0.30406* 0.30250 3.29766 0.29141 Ù.28402 0.27564 0.26612 0.25518 .24410 0.23161 ; .21973 C.20322 -.19721 0 .1 
110 Ù.3Û406 0.30306 3.29980 0.29568 0.29196 0.28656 3.28161 0.2 7394 
-
.26641 0.75795 y.24737 0.236 )?. . « <• 2 ! ' 9 -> 0 .2 
115 3.30406 0.31392 0.30264 0.3015J C.30164 0.29694 0.29738 0.29525 : .29269 •7.28935 3.28545 0.26061 V.27429 û .2 
120 0.30406 0.30477 0.30619 0.30733 0.31038 0.31635 0.32253 0. 32963 V .33390 C.33958 J.34130 0.34242 J m  341 v . v .3 
125 0.30406 3.30576 0.30988 0.31429 0.32182 0.32963 0.33958 0.35166 0 .36373 0.37561 ,.30 769 3.39854 . .40^4 ; 0 .4 
130 C.30496 0.3C718 0.31400 0.32239 0.33416 C.34739 0.36231 0.37936 c .39826 0.41966 0.4411/ 0.46177 .48 95 0 .4 
135 0.30406 0.30903 0.31869 0.33105 0.34813 0.37013 0.39266 0.4*057 0 .44896 0.47598 0.50866 0.53636 J.57757 0 .6 
140 0.30406 0.31102 0.32395 0.34072 0.36189 0.38647 0.41559 0.45111 0 .49161 0.53778 0.58467 0.63298 0.68271 0 .7 
145 0.30406 0.31329 0.32963 0.35095 0.37624 0.4v565 3.44330 0.46877 0 .54134 0.59817 0.66143 0.72462 :.7699o 0 .8 
150 0.3C406 0.31585 0.33586 0.36132 0.39087 0.42625 0.46616 0.520C2 0 .58254 0.65358 0.73244 0.61696 v.90507 0 .9 
155 0.30406 0.31898 0.34242 0.37183 0.40538 0.44543 3.49516 0.55981 •J .63653 0.72036 0.81414 0.91502 1.J2584 1 .1 
160 0.30406 0.32139 0.34825 0.38135 0.41672 0.46461 0.52145 0.59391 ù .68200 0.78146 3.89:86 1.32879 1.1423% 1 .2 
165 0.3C406 0.32352 0.32324 0.36902 û.43264 0.48166 0.54347 0.62303 c .72178 0.83829 0.95622 1.09546 1.25 33 1 .4 
170 0.30406 0.32523 0.35663 0.39485 0.44159 0.49374 0.55981 0.64506 0 75304 0.87665 1.01305 1.16650 1.337vu 1 .5 
175 0.30406 0.32637 0.35947 0.39869 0.44699 0.50297 C.56407 0.65500 0 .76725 0.89939 1.05142 1.20913 1.39242 I .5 
160 0.30406 0.32693. 0.36103 0.40195 0.44969 0*50795 0.57473 0.66495 V 78146 0.91644 1.06704 1.23612 1.42.83 1 • 6 
Figure 44. Reynolds number 10,000, i - 15.0 
30 INCHES(ANGULAR POSITION, DEGREES; RADIAL POSITION, INCHES) 
RADIAL POSITION 
Z ' m ' i C  1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.64 1.92 2.:» 
L . b b d i l  1 .65987 2. ,06589 2 .28470 2. 51061 2. ,73226 2. 95533 3 .17272 3. 38584 3 .58760 3. ,7/373 3. 93997 4. ,09464 4. 17867 
1.64U17 1 .84566 2. ,04884 2 .26481 2. 48788 2. 71095 2. 92549 3 .14146 3. 35174 3 .55208 3. 73821 3. ,90729 4. ,06216 4. 13 36 
1.575 7 I .75699 1. 94796 2 .14830 2. 35858 2. ,57171 2. ,78341 2 .90517 3. 19687 3 .39863 3. 58476 3. 76C94 3. ,9200 8 3. 982 5V 
1.454 ?j 1 .61975 1. ,79735 1 .•97922 2. 16819 2. ,36711 2. ,56176 2 .75926 2. 95391 3 .14430 3. ,32931 3. ,50093 3. 65296 3. 70695 
1 .47767 1. 62969 I •78741 1. 95080 2. ,12130 2-,29749 2 .48219 2. 65411 2 .82461 2. 98943 3. 14998 3. 26791 3. 31196 
i  .31853 1. 44072 1 .57286 1. 70642 1, ,85419 2. ,00337 2 .14830 2. 29038 2 .42820 2. 55750 2. 68253 2. 76494 2. 764 83 
1. 84 <.1 1 .18762 1. 29793 I .41160 1. 52810 1. 64248 1. 75331 1 .86271 1. 96856 2 .06447 2. ,14759 2. 20513 2. 23781 2. 25:6. 
..'J36 3 J 1 •GG737 1. 08765 1 .17077 1. 25459 1. 33558 1. 41799 1 .49898 1. 57854 1 .65456 1, ,71423 1. 76183 1. 79096 1. 60304 
-.79-4 , 0 .84824 0. ,90649 3 .96617 1. 02797 1. 08836 1. 15087 1 .21197 1. 27235 1 .32493 1. 36966 1. ,40378 1. ,42794 1. 44J72 
•u6>2l J  • 7IC42 0. 75233 0 .79496 0. 83829 0. 68163 0. 92 354 0 .96617 1. 0:453 I .04289 1. 07202 1. 39546 1. 11251 1. 11962 
.5775/ û  .6052/ 0. 63227 0 .65785 0. 68058 0. 70118 0-71752 0 .73173 0. 74523 0 .75730 0. 76725 0* 77506 0. 78004 78146 
. .4U J 77 0 .50582 0. 52500 û .53707 0. 54631 0. 55270 0. 55555 0 .55768 0. 55839 0 .55839 0. 55768 0. 55711 0. 55555 v. 55483 
.•4CoJo 
-
.41843 0. 42625 0 .42767 0. 42696 0. 42412 0. 41843 û .41062 0. 4C21C : .39428 0. 38576 0. 37652 0. 36942 •j. 36657 
• 3 2 ^ - J C  0 .32246 0. 32054 0 .31827 0. 31550 0. 31201 0. 30646 0 .30527 0. 30235 j  .29987 0. 29809 0. 29674 0. 29568 0. 29539 
. ./G'/IV 0 .25895 0. 25220 J .24552 0. 23920 0. 23351 0. 22847 0 .22421 c. 22066 0 .21810 0. 21568 0. 21405 0. 21320 0. 21298 
.  . < > 1 7  j  i  0 .2C086 0. 20062 0 .19295 0. 18549 0. 17839 0. 17192 0 .16595 0. 16055 V .15594 0. 15203 0. 14905 0. 14677 c. 14549 
..18/56 0 .17213 G. 16240 û .15317 0. 14443 0. 13633 0. 12680 0 .12219 0. 11637 0 .11194 0. 10763 0. 10457 0. 10251 10152 
».L64j^ 0 .15274 0. 14137 0 .13093 0. 12098 0. 11161 0. 10301 0 .09512 0. 08795 0 .08184 0. 07672 0. 07260 0. 07374 0. C6735 
.15,7/ 0 .14421 0. 13356 0  .12347 0. 11381 u. 10466 0. 09633 * 0 .06809 0. 08056 0 .07403 0. 068 70 c. 06422 0. 36081 c. 05833 
.15J9l k" .14855 0. 13782 0  .12738 0. 11772 0. 10848 0. 09974 0 .09186 0. 08532 0 .08006 0. 07587 0. 07260 0. 07062 0. 06969 
-.17561 0 .16496 0. 15494 0 .14549 0. 13654 0. 12802 0. 12042 0 .11338 0. 10720 u .10216 0. 09797 0. 09463 0. 09235 u. 091GJ 
-.19721 0 .18684 0. 17689 0 .16745 0. 15642 0. 14990 0. 14279 0 .13512 0. 12915 0 .12411 0. 11992 0. 11651 0. 11416 0. 11281 
. . 2 : » V ^  0 .21746 0. 20858 0 .19998 0. 19181 0. 18450 0. 17760 0 .17135 0. 16602 0 .16148 0. 15793 0. 15515 0. 15054 •J. 14912 
v.27429 û .26648 0. 25781 0 .24879 0. 23941 0. 23117 0. 22428 0 .21874 0. 21412 0 .21043 0. 20758 0. 20545 0. 20396 0. 20318 
J m  341 v . u .34384 0. 34384 0 .34171 0. 33816 0. 33247 0. 32466 0 .31898 0. 31258 0 .30690 0. 30335 0. 29980 0. 29637 0. 29837 
. .40^4 ; 0 .41772 0. 42625 0 .43264 0. 43904 u. 44401 0. 44756 0 .44969 0. 45040 i) .44898 0. 44685 0. 44046 0. 43833 0. 43762 
.48 >5 J .49800 0. 51647 0 .53281 0. 547C2 0. 56194 0. 57544 0 .58680 0. 59675 0 .60385 0. 61025 0. 61238 0. 61309 0. 61309 
J.57757 0 .61096 0. 64222 0 .6 7347 0. 70331 0. 73244 0. 76015 0 .78501 0. 80916 u .83048 0. 64753 0. 86173 0. 87310 o. 67878 
v.68/7i 0 .73457 0. 70856 u .84397 0. 90152 0. 95906 1. 01589 1 .06562 1. 10825 1 .14377 1. 17219 1. 19350 1. 20629 1. 20964 
:.7899„ 0 .85960 0. 93064 1 •00240 1. 07557 1. 15158 1. 22831 1 .29864 1. 35760 1 .40804 1. 44996 1. 46264 1. 50466 1. 51461 
v.90507 0 .99742 1. 09688 1 .20060 1. 30717 1. 41657 1. 52597 1 .63183 1. 71779 1 .78528 1. 83998 1. 87905 1. 90534 1. 91954 
1.J2584 1 .13951 1. 26454 1 .39668 1. 53876 L. 66653 1. 83287 1 .96217 2. 07015 2 .15966 2. 23071 2. 28326 2. 31454 2. 32732 
1.1423% 1 .28159 1. 43504 1 .59844 1. 78030 1. 97496 2. 16961 2 .34437 2. 48646 2 .60012 2. 68537 2. 74647 2. 78463 2. 79904 
1.25 33 1 .41515 1. 59133 1 .78599 2. 00337 2. 23213 2. 46230 2 .69958 2. 86582 3 .00080 3. 10736 3. 18266 3. 23239 3. 25513 
1.337vu 1 .52029 1. 72347 1 .94654 2. 16808 2. 44383 2. 69956 2 .94112 3. 14288 3 .31196 3. 44836 3. 54924 3. 62028 . 3. 65154 
1.39242 I .59133 1. 81866 2 .06021 2. 33016 2. 60012 2. 68571 3 .16846 3. 38158 3 .55918 3. 69700 3. 79930 3. 86608 3. 69592 
1.42.H i  1 .62259 1. 85276 2 .10851 2. 37969 2. 66548 2. 96243 3 .25086 3. 42847 3 .69700 3. 85756 3. 98117 4. 07210 4. 12163 




0.00 0.08 0.16 0.24 0.32 0.40 C.48 C .56 0.64 1.72 0.80 C.68 0.9e 
0 0 .50041 0.51204 0.53099 0.56169 0.60716 0.66766 0.74696 0 .84443 u .96176 1 .10326 1.21511 1. 13858 l .4633 
5 û .50041 0.51191 0.53060 0.56091 0.60599 0.65838 J.74291 0, .83934 V .95471 l .09477 1.2J133 1. 31963 1 .4424; 
10 0 .50041 0.51126 0.52968 0.55934 0.60272 0.66086 0.73390 j, .62379 0 .93302 1 .06394 1.16)38 1. 27913 i .39/6 
15 0 .50041 0.51087 0.52838 0.55699 0.59815 0.65224 0.72162 0, .8:406 
-
.90754 1 .02957 1.12365 1. 22360 i .32o7r 
20 0 .50041 0.51021 0.52681 0.55398 0.59201 0.64061 0.70189 0. 77584 
-
.87043 0 .98515 l.C6ol2 1, .16J23 l .25: 
25 0 .50041 0.50943 0.52485 0.55006 0.58417 0.62702 0.67955 0, .74553 v .82954 0 .93328 1.LJ475 1. ,:8445 1 • 166 7n 
30 0 .50041 0.50852 0.52250 0.54575 0.57567 0.61147 0.66217 0, ,70724 0 .79165 0 .87096 ..93681 1. , ,0671 l .'•7/9. 
35 0 .50041 0.50786 0.51975 0.54053 0.56522 0.59449 0.63146 0, .67641 û .73416 û .80315 Û.U5972 0. ,92113 .'#8,1., 
40 0 .50041 0.50669 0.51675 0.53439 0.55385 0.57750 O.Gf/55 0. ,64244 •J .68164 .72658 77149 0. 82183 • d7 17 
45 0 .50041 0.50551 0.51348 0.52772 0.54223 0.55973 0.56/86 0. 61056 0 .64113 3 .67510 0.71339 0. 75505 
- •  
. 7916. 
50 0 .50041 0.50433 0.51021 0.52054 0.53060 0.54275 0.55908 0. 58116 C .60860 J .638 78 J.66635 0. 69579 .72 
55 0 .50041 0.50290 0.50669 0.51348 0.51949 0.52681 0.53739 0. 5532C v •5 7138 .592)2 -.61278 0. 633 3 .65* >4 
60 0 .50041 0.50159 0.50277 0.50682 0.50852 0.51217 0.51649 0. ,52302 .53203 0 .54202 J.55137 0. 5618? .57:2a 
65 0 .50041 0.50028 0.49898 0.49911 0.49872 0.49885 0.50172 0. 5:603 W .51097 .515 5 ..51 171 3. 52171 .52446 
70 0 .50041 0.49898 0.49623 0.49440 0.48970 0.48604 0.48304 0. 4 799. v .47733 . 4 Z'j«.6 .. W i « * 46618 .46 i-
75 0 .50041 0.49780 0.49336 0.48892 0.48121 0.47428 0.46671 G. 45847 
-
.44985 : .441/5 «Si i / 1 42563 .41/ 3*1 
80 û .50041 0.49676 0.49127 0.48434 0.47468 0.46527 0.4556P 0. • 4450? : .43417 c, .423.0 1 . 4 l 1 ti3 v. ;99f,i . 597 7 y 
85 0 .50041 0.49636 O.48983 0.48108 0.47076 0.46070 0.44711 0. 4326G j .41732 0, .40vS5 C.3h43V C. '16 7 ') 4 . J5i9j 
90 0 .50041 0.49610 0.48957 0.47990 0.46945 0.45847 0.44397 0. 4279: .41196 c. 39537 ..5 7*64 0. 161/9 .344 V.) 
95 0 .50041 0.49610 0.48983 0.48095 0.47049 0.45965 U.44632 G. 4il56 .41562 c, .39942 C.3e3C* 0. 36715 .  .H5 1 0 0  
100 0 .50041 0.49623 0.49088 0.48395 0.47402 0.46435 0.45246 0. 41)979 u .4262) 0, .41248 .. jy/07 0. 381/1 . %6f}', 
105 0 .50041 0.49650 0.49258 9.48826 0.47938 0.47259 0.4637U 0. 4)351 J' .44293 u, .43V/5 -.42:06 0. 4v7 ;l .39;d, 
110 0 .50041 0.49741 0.49493 0.49258 0.48617 0.48238 0.47664 0. 4695b J. 46234 
- -
.45469 ...44 672 0. 43848 .43 3<. 
115 c .50041 0.49806 ù.49780 0.49767 0.49401 0.49401 0.49048 0. 48735 0, .48382 0, .48042 ! .47677 0. 4 7311 .46 #71 
120 0 .50041 0.49911 0.50120 0.50316 C.50224 0.50682 û.50656 0. 5'. 682 ; .5(708 - •  . 5JO12 . . V ti9i 0. 51 J6l - •  .r.1,41 
125 0 .50041 0.50041 0.50486 0.50852 0.51191 0.52C14 0.524u6 0. 32864 L, .53321 G. 538 4 :.54614 G. 55454 
- •  
,36,1, 
130 0 .50041 0.50159 0.50852 0.51453 0.52171 0.53399 0.54484 0. 55621 0. 56744 0. 57959 0.595 79 0. 614 9 .634i) 
135 0 .50041 0.50303 0.51217 0.52041 0.53269 0.54 784 0.56418 0. 58162 .60154 J. 62219 C.64936 j . 6 76c.: .7:416 
140 0 .50041 0.50447 0.51544 0.52655 0.54288 0.56248 J.5Ô39G 0. o; 8u: .63617 .66517 :.699.1 
'• 
73821 ,77:71 
145 V .50041 0.5G577 0.51*58 0.53216 C.55385 0.578:2 0.6C755 J. 63917 .67419 ,71J64 . . 75 *>20 0. a. 3 > 4  ,m5'^8 
150 u •5CC41 0.50695 0.52119 0.53739 0.56444 0.59318 0.62911 0. 66766 
- •  
.72855 ,75154 -.8-354 0. Î S  6 8 d 7 ,'»25 ,5 
155 0 .50041 0.50812 0.52354 0.54236 0.57437 0.60860 0.65002 0. 69562 ). 74474 ,796,9 v.86887 0. 94465 1. ,.3"1t 
160 û .50041 0.50891 0.52550 0.54732 C.58377 0.62362 0.67053 0. 72266 v. 77989 0. 84130 C.9H82 1. ,0867 1 . 11.58 
165 0 .50041 0.50956 0.52733 0.55163 C.59231 0.63721 0.69117 J. 7S12H j -81556 j. 88259 G.972.:9 1. v674 6 1. i7'»9i 
173 0 .50041 0.51021 0.52864 0.55542 0.59867 0.64714 J.70385 0. 76826 84104 • 91/.8 1..125) 1. 1171 l l. 234 /i 
175 v. 50041 0.51074 0.52942 0.55803 C.60311 0.65315 0.71156 0. 77858 85463 0. 93668 1.-3611 1. 14455 1. 2739. 
180 0 .50041 0.51087 0.53020 0.55908 0.60481 0.65590 0.71626 3. 78525 0. 86482 C . 95053 l. v  517 y 1. 16546 l. 3: vi 
Figure 45 Reynolds number 10,000, £ • 19.5 
39 INCHES(ANGULAR POSITION, DEGREES? RADIAL POSITION, INCHES) 
RADIAL POSITION 
0.9ft 1.34 1.12 1.20 1.28 1.36 1.44 1.52 1.61 1.68 1.76 1.84 1.92 2.0v 
I .46)i) 1 .59270 1 .73120 1 .87754 2, .03040 2 .16458 2 .33875 2.4/986 2. 6:399 2 .71113 2 .80716 2, .89666 2. .9/766 i .  3, t  
1 .44/4, 1 .56780 1 .69984 1 .84291 1. .99251 2 .14408 2, .29025 2.44328 2. .57263 2 .683? 3 2 .78168 2. .87053 2, ,95545 2 .99792 
1 .39/6 I .51039 1 .63321 1 .76190 1, .89844 2 .03890 2 .18131 4.32046 2. .4)373 2 .57198 2, .67454 2, .76731 2. .85:93 2 .88751 
I . 32o 7 r. 1 .43592 1 .54763 1 .66195 1, .78412 1 .91151 ' 2 .03090 2.16890 2. , 4.9368 2 .41257 2 .51341 2, .61313 2. .6954) 2.72419 
I .25'. 1 .34642 1 .44376 1 .54175 1. .64627 1 .75276 1, .86512 1.98C1U 2. , (.9639 2 .21267 2, .32569 2, .42629 2. ,47856 2 .49:,',4 
I .1667% I .24042 1, .33335 1 .42154 1, .511C4 1 .60250 1. ,69854 1.79718 1. ,l>9648 I .99447 2, .09116 2. ,16367 2. ,20679 / .2277. 
I .•7/y„ 1 .15108 1, ,22))6 I .30003 1. 37843 1 .45813 1. ,54044 1.62406 1. 7-834 1 .79376 I. 86120 1. ,90759 1. .93829 1 .957ul 
1 .14983 1. .11842 I .1*898 1. 25561 1 .32551 1. .3920C 1.46:09 1. 1)2542 1 .58748 1. ,64839 1. ,7.180 1. 74296 1 .75/9?, 
,d7 17 -92113 0. .<>7405 1 •C2696 1. 08314 1 .13802 1. 19)61 1.25169 1. J l b b t  1 .36144 1. ,404)6 1. 44 63 7 1. 47054 1 .48165 
. 7916. V .64535 0, ,89100 0 .93811 0. 98123 1 .02631 1, ,07138 1.11450 1. 15631 1 .19551 1. ,23144 1. 25953 1. 27652 I .28174 
.72J»t 1  .75258 0. ,78394 •J .81399 0. ,84404 0 .87540 0. ,90741 j.93681 0. 96686 .99430 1. ,01912 1. ,*-4133 1. 0)832 I .?64d3 
• L5.W4 
-• .67419 0. ,69640 0 .71796 0. ,73952 .75977 C. ,70133 C.tiC.27 0. U1791 .8*359 " . ,8466? C. ,05580 0. 861)3 - .0623) 
,57:2o .58273 0, ,59 49 u .60625 0. 61801 0 .62976 0. ,64152 0.65394 C. 66570 .67)49 0. 60464 0. 68987 0. 69379 
-
. 694 4«t 
,5244b c .52681 0. 5/877 : .53C47 0. 53164 0 .53269 0. 53334 0.53425 0. 5346) .53517 0. 535)6 53)56 0. 53556 .53)56 
,46 i- c .4567d v. 45194 j .44711 0. 44240 0 .43770 0. ,43697 0.4285t. 0. 4:411 .41954 41549 41709 0. 4J9d7 .4 CJJ 
.41/ 34 .4 I w U- 4U164 .39341 0. 38518 ù .36348 0. 36032 0.36192 Ù. 3555/ ,34951 i. 345.6 ,J " 34 49 0. 337*9 » 33)6u 
1977 rf 0 .37)77 0. 36 349 3 .3)147 0. 33644 u .32729 315)4 0.3C365 0. 29424 j. 28653 28:76 C-. 27555 0. 27261 
- •  
.7719. 
, i5i9> L' .33709 u. 32298 j .33979 o. 29685 ù .28483 0. 2/359 J.26327 0. /54C- > z 4 6 2 9 0. 23909 0. 23466 c. 23126 .72:9 
344 Vj 
-
.32412 31410 ; . 3 JL-25 0. 28679 V, .274 iu 0. 26286 0.2)256 0. 2432E: ,23492 . 22747 
- • 
22185 0. 218. 7 -, .21)9:, 
i .VJ 1 oo .33749 0. 3*390 
-• 
.31J83 0. 29816 v. 286 79 0. 2/542 0.26497 0. /)543 0. ,247?/ V .  24054 / 3 ) 1 d 0. 23165 .23 
. %6f}', 
-
.35395 0. 34088 0 .32808 0. 31619 U, .30482 c. 29411 O.28457 J. ï /56i ,26874 C. 26236 2)%70 c. 2)3o7 .25; 1 / 
39,d, 
-
.3H4 13 0. 37224 j .36U35 0. 34898 J, .33841 0. 32834 0.31972 0. 3117% 
-
,3 i)4o ÎC-J25 
' • 
2V677 c. 2/437 .29*4, 
,43 3<. 
-
.42241 ). 41418 0 .4:621 0. 39824 0, .39066 0. 38413 0.37799 0. jf/63 ,36871 C. 36545 j- 36309 0. 36192 , 3617 » 
46 #71 0 .46644 0. 46 344 0 .46030 0. 45743 0, .45495 0. 45246 0.45:11 G. 44815 ,44619 V. 44462 
- -
44 345 0. 4428 v 
" 
.44. ou 
r.K^ 0 .51492 0. 51805 j .52197 0. 52694 0, .53164 0. 54u jO 0.54C00 0. 543)3 54654 Û. 549 2 )) .85 0. 551) , . :51 :  
36,1, 0. .57/28 c. 5ti534 u< ,6.102 0. 61474 0, .62715 0. 63391 0.64936 0. 6596/ 66 766 67419 6LuC7 0. 604/,4 ,68)>j 
634 .65/20 0. 68333 u, .70816 0. 73168 c, . Z5389 0. 77610 •J. 79439 0. 81260 62575 c. 83882 
'• 
04927 0. H5711 ,11577. 
7CUo ù. .73952 0. 77349 0 , .80876 0. 84535 « ' .88324 u. 91721 0.94334 0. 9799, 1. l')6"6 1. 0/1/3 i. .4 78/ 1. J5932 , '65)i 
• 
77: 71 •J, .82183 86087 -J < .91721 0. 96686 1, ,vl9l2 1. «'.7530 1.13140 1. 18890 1. 23471 1. 2 /521 i. JC 39) 1. 423)5 1. , ;2v /.. 
•  
M5)6 3, .91C6Û 0. 97339 1. .03480 1. K 144 1, . 17199 1. 24 3d5 1.31963 1. 39149 1. 44898 1. 496.2 i. )2ti6d 1. »50c 9 1, , )5 74 > 
•»25 1. .('0606 1. 07138 1. .15239 1. 23732 1, ,32616 1. 411:9 1.49^10 1. )H356 L. 6658/ 1. 74035 i. 8 J 306 1. 84 95 i. ,0514. 
1. .3011 1. .12887 1. 22817 1. .32(47 1. 42546 t, >2672 1. 626.2 1.72)32 1. 82462 1. 91935 2. 0u9)0 7. C0181 2. 155^3 / .  .18 6-
i.il.)a l .21511 1 .33335 1 .45943 1. 58486 1. 70834 I. 83C50 1 .95136 2.064 37 2. 16759 2. 259.5 2. 54767 2. 4.:62 / .  42435 
1. i7*»9i l .28305 1 .43330 1 .57507 1. 72271 1. 87362 2. 01473 2 .14473 2.<6624 / .  37795 2. 40313 7. 57198 2. 026o5 7. 653ô'i 
1.234/i l .37451 1 .52999 I .69396 1. 8644 7 2. 03171 2. 18262 2 .3217/ 2.44901 2. 56479 2. 66931 2. 764:4 2. 6^40 : / .  o5//3 
1.2739. i .42416 1 .59662 1 -7/693 1. 95965 2. 13166 2. 28649 2 .41911 2.554 34 2. 66736 2. 76992 2. 06 399 2. 9)415 3. .46 9. 
i.j: vi i .45813 1 .63517 1 .82397 2. 01211 2. 18327 2. 33675 2 .4779': 2.6:464 2. 71570 2. 81630 2, 91234 3. •:ro3 3. 5)4) 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0. 90 1.04 
0 0.66015 0.67978 0.71101 0.74442 0.79103 0.85016 0 .91273 0.97645 i .C4361 1.11480 1.19057 1 .27036 1 .353.2 I, .43913 
5 0.66015 0.67955 0.71021 0.74304 0.78862 0.64488 0 .90584 0.96922 1 .03776 1.10791 1.18196 1 • 26'vAU 1 .34269 1 .42650 
10 0.66015 0.67687 0.70849 0.74040 0.78506 0.83753 0 .69608 0.95808 1 .02639 1.09643 1.16818 1 .24Ù51 1 .32.>3*. 1 .39952 
15 0.66015 0.66670 0.70630 0.73661 0.77978 0.82949 0 .68403 0.94373 1 .00745 1.07576 1.14407 1 .21698 1 .291 6 1 .36795 
20 0.66015 0.67714 0.70366 0.73237 0.77278 0.61859 0 .86910 0.92536 u .98449 1.04 304 1.10561 1 .17220 I .24 51 1 .30997 
25 0.66015 0.67600 0.70045 0.72743 0.764C5 0.80768 0 .85533 0.90469 ù .95751 1.01089 1.06715 1 .12628 1 .18827 1 .25142 
30 0.66015 0.67462 0.69689 0.72180 0.75407 0.79333 0 .83696 0.88173 0 .92593 0.97186 1.C2008 1 .C7259 i .  I2J85 1, .17679 
35 0.66015 0.67313 0.69287 0.71549 0.74327 0.77553 0 .81055 0.84959 .88633 0.92421 Z > . 96 382 1 .0C458 1 .  C 464a 1 .09069 
40 0.66015 0.67163 0.68851 0.70837 0.73133 0.75717 0 .78587 0.81572 0 .84672 0.87829 0.91 44 0 .94)10 0 .9776- 1 .01204 
45 0.66015 0.67014 0.68323 0.70091 0.71928 0.73937 0 .76004 0.78185 ** .83366 0.82720 0.85016 0. .87484 .90;i- 0 .92536 
50 0.66015 0.66030 0.67795 0.69310 0.70711 0.73C19 0 .74224 0.75889 J .77496 0.78941 '-*.80137 0 .613*2 .82662 0 .84155 
55 0.66015 0.66635 0.67313 0.68438 C.69505 0.70780 0 .72100 0.73306 •J .74167 0.74855 O.75544 0, ,75dti9 .76 J4d u .76807 
60 0.66015 0.66451 0.66911 0.67508 0.68357 0.69402 0 .70263 0.7078C 0 .70952 0.70952 0.7U608 0, .70148 .69919 0 .69661 
65 0.66015 0.66291 0.66532 0.66704 0.67278 0.67634 u .67/49 0.67703 u .6747j 0.67140 0.66612 0, ,66034 .65223 0 .64431 
70 0.66015 0.66141 0.66210 0.66141 0.66302 0.60153 .65981 0.65630 : .65177 0.64580 L.63788 0. .62743 .61423 0 .59747 
75 0.66015 0.66038 0.65969 0.65717 0.65467 0.65106 ù .64672 0.64052 .63214 0.62077 0.60252 0, ,58208 3 .56233 0 .54431 
80 0.66015 0.65969 0.65774 0.65395 0.64690 0.64270 0 .63396 0.62261 .60826 0.59150 0.57427 0, ,55568 .5358: 0 •51710 
85 0.66015 0.65912 0.65636 0.65189 0.64546 0.63719 0 .62686 0.61388 .59896 0.58197 0.50337 0, ,54339 v .52261 0 .50160 
90 0.66015 0.65889 0.65567 0.65085 0.64408 0 .  635'-< 1 0, .62364 0.61021 Û .59460 0.57680 0.55694 0, ,53547 J .51588 J .49184 
95 0.66015 0.65889 0.65556 0.65108 0.64465 0.63616 0, .62548 0.61228 Ci. 59712 0.58001 0.56142 0, ,54052 J .51859 0 .49620 
103 0.66015 0.65900 0.65567 0.65189 0.64626 0.63845 o, .62915 0.61707 .60401 0.58803 0.57)83 0, ,551 il .529 73 0 .50895 
105 C.66015 -0.65912 0.65613 0.65315 u.04844 O.64293 u. .6357U 0.62063 
-
.61641 :.60424 0.59:58 0, -57462 •55 751 0 .53914 
. 
110 0.66315 0.65946 0.65602 0.65476 U.65143 0.64683 0, .64109 0.63308 0, .62548 3.61629 0.60481 0, ,59127 : .576Uv 0 .55969 
! n s  
0.66015 0.66004 0.65786 0.65694 0.65533 0.65234 0. 64867 0.64431 63937 63420 U.02 801 0. 62112 .61354 0 .60504 
120 0.66ul5 J.66061 0.65912 0.65969 G.66C15 0.65992 3. 65958 0.65677 J. 65774 0.65659 j.65533 0. 65395 j .65223 0 .65028 
125 0.66015 0.66141 0.66038 0.66360 0.6671b 0.67048 0. 67565 0.68197 J. 68656 0.69115 0.69574 0. 70053 .70263 0 .70608 
130 U.66015 0.66233 0.66210 0.66784 0.67577 C.68771 0. 70033 0.71296 j. 725?2 0.73680 0.75142 0. 76348 •» .77353 0 .78702 
135 0.66015 0.66314 0.66440 0.67267 0,68564 0.70033 0. 71756 0.75476 u. 75237 0.77152 ù.79u46 0. OÛ998 .83.04 u .84959 
140 C.66015 0.66406 0.66715 0.67806 0.69701 0.72 ICO 0. 74626 0.77266 ). 79792 0.82433 0.85168 0. 87829 0 .90584 0 .93225 
145 0.66015 0.66520 0.67060 0.68426 0.71C09 0.74167 0. 77381 0.8L481 u. 83811 0.67025 0.9G355 0. 93627 0 .97C14 1 .00400 
150 0.66015 0.66647 0.67450 0.69126 0.72180 0.76118 0. 8CC22 0.84098 0. 88288 0.92479 0.96669 1. vi032 1 .05395 1 .09872 
155 0.66015 0.66807 0.67921 0.69965 0.73145 0.77209 0. 81572 0.66509 0. 91503 0.96669 1.01893 1. 07404 1 .13067 1 .18770 
160 0.66015 0.66980 0.66438 0.70686 0.73937 0.76070 0. 82777 0.88173 0. 94029 1.0Û056 1.06313 1. 12915 1 .19401 1 .26003 
165 0.66015 0.67198 0.68662 0.71262 0.74591 0.76759 0. 83811 0.69895 u. 96497 1.03558 1.10791 1. 18196 1 .25716 I .33176 
170 0.66015 0.67404 0.69195 0.71710 0.75097 0.79218 0. 84499 0.9C929 0.  98334 1.06141 1.14063 1. 22214 1 .30366 1 .38402 
175 0.66015 0.67565 0.69436 0.72054 0.75498 0.79677 0. 84959 0.91790 0.  99769 1.08035 1.16703 1. 25601 1 .34364 1 .43052 
180 0.66015 0.67645 0.69574 0.72261 0.75774 0.80251 0. 85647 0.92936 1. 01262 1.09930 1.18827 1. 27725 1 .36623 1 .45346 





























FGULAR POSITION, DEGREES; RADIAL POSITION, INCHES) 
:TION 
1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1,76 1.84 1.92 2.00 
3913 I. .53155 1 .62340 1. 71525 1 .80537 1. 89205 1 .97701 2. 0591C 2 .13085 2 .19572 2. ,25083 2. 28585 2. ,29503 
2650 1. ,51663 1 .60962 1. 70090 1 .79102 1. 87827 1 .96323 2. 04245 2 .11363 2 .17563 2. 22959 2. 26690 2. 27838 
9952 1, .48333 1 .57116 1. ,65899 1 .74739 1. 83293 1 .91731 1. 99768 2 .07288 2 •13545 2. >18826 2. 23189 2. 25140 
6795 1. ,44889 1 .53270 1. 61421 1 .69515 1. 776Û9 1 .85474 1. 93051 1 .99940 2 .06427 2. 12339 2. 16759 2. 18883 
0997 1, .38 345 1 .46094 1. 54016 1 •61881 1. 69458 1 .77150 1. 84498 1 .91788 1 .98562 2. 04704 2. 09641 2. 12397 
5142 I. ,31628 1 .38345 1. 45406 1 .52581 1. 59504 I .66473 1. 73362 1 .80020 1 .86565 1. 92 707 1. 97673 i. 99536 
7679 1. ,23247 1 .28873 1. 34786 1 .40813 1. 46955 1 .53155 1. 59297 1 .65268 1 .71230 1. 76978 1. 81456 1. 82546 
9U69 1. 13603 1 .18138 1. 22846 I .27840 1. 32719 1 .37771 1. 42937 1 .47874 I .52868 1. 57805 1. 61651 1. 63086 
1204 1. ,04878 1 .08552 1. 12283 1 .17679 1. 20205 1 .24223 1. 28242 1 .32088 1 .35647 1. 38861 1. 41330 1. 42191 
2536 0. ,95119 0 .97702 1. 00515 1 .03385 1. 06198 1 .09069 1. 11939 1 .14809 1 .17564 1. 20033 1. 22214 1. 23477 
4155 0. ,85647 0 .87312 0. 88977 0 .90642 0. 92421 0 •94373 0. 96497 0 .98793 1 .01032 1. 02 754 1. 04017 1. 04648 
'630 7 0. 77381 0 .780 70 0. 78816 0 .79850 0. 80998 0 .82433 0. 64040 0 .85590 0 .87003 0. 88288 0. 89149 0. 89666 
9861 0. ,69976 0 .70263 0. 70665 0 .71296 0. 71928 0 •72846 0. 73650 0 .74511 0 .75085 0. 75544 0. 75831 0. 76118 
'4431 0. 63730 0 .63168 0. 62801 0 .62582 0. 625/1 0 .62732 0. 63053 0 .63466 0 .63822 0. 64075 0. 64282 0. 64396 
9747 0. ,58231 0 .57060 0. 56142 G .55453 0. 55005 0 •54752 0. 54706 0 .54902 0 .55235 0. 55499 0. 55602 0. 55682 
,4431 0. ,52915 0 .51687 0. 50734 0 .49953 0. 49333 0 .48851 0. 48530 0 .48220 0 .47990 0. 47829 0. 47761 0. 47738 
-1710 0. 49965 0 .48369 0. 46922 0 .45614 0. 44511 0 .43593 0. 42847 0 .42273 0 .41859 0. 41549 0. 41343 0. 41274 
•0160 Û. ,48013 0 .45912 0. 43914 0 .42215 0. 40815 0 •39701 0. 38840 0 .38220 0 .37738 0. 37359 0. 37118 0. 37.03 
,9184 0. 46945 0 .44821 0. 42893 0 .41182 0. 39689 0 .38438 0. 37416 0 .36624 0 .36027 0. 35591 0. 35338 0. 35235 
,9620 0. ,47347 0 .45097 0. 43053 0 .41320 0. 39839 0 .38610 0. 37588 0 .36773 0 .36130 0. 35671 0. 35384 0. 35269 
10895 0. 48969 0 .47198 0. 45510 0 .43972 0. 42594 0 .41389 0. 40378 0 •39540 0 .38886 0. 38381 0. 38082 u. 37910 
>3914 0. 52031 0 .50309 0. 48679 0 .47221 0. 45992 0 .44890 0. 43960 0 .43157 0 .42491 u. 41974 0. 41664 u. 41572 
>5969 0. 54362 0 .52927 0. 51710 0 .50700 0. 49850 0 •49115 0. 48495 0 .47990 0 .47577 0. 47278 0. 47095 3. 47049 
.0504 0. 59597 0 .58759 0. 58024 0 .57359 0. 56819 0 .56314 0. 55923 0 .55579 0 .55303 0. 55085 0. 54959 0. 54902 
,5028 0. 64 798 0 .64569 0. 64362 0 .64190 0. 63972 0 .63811 0. 63639 0 .63501 0 .63398 0. 63317 0. 63260 0. 63248 
'0608 0. 70837 0 .71067 0. 71239 0 .71411 0. 71641 0 .71756 0. 71813 0 .71928 0 .72100 0. 72215 0. 72215 0. 72215 
'8702 0. 79792 0 .00826 0. 01744 0 .02662 0. 83351 0 .83983 0. 84499 0 .84959 0 .85303 0. 85533 0. 857C5 0. 8582u 
14959 0. 87025 0 .89034 0. 91158 0 .93167 0. 95062 0 .97014 0. 98621 0 .99999 1 .01204 1. 02123 1. 02639 1. 02754 
13225 0. 95865 0 .98506 1. 01089 1 .03673 1. 06190 1 .08609 1. 11020 1 .13202 1 .15211 1. 16761 1. 17794 1. 18253 
>0400 1. 03673 1 .06887 1. 10217 1 .13316 1. 16531 1 .19631 1. 22731 1 .25601 I •28299 1. 30538 1. 32145 1. 33:64 
>9872 1. 14465 1 .19057 1. 23592 1 .28012 1. 32547 1 .36967 1. 41272 1 .45578 1 .49596 1. 53270 1. 55566 1. 56599 
18770 1. 24223 1 .29734 1. 35130 1 .40469 1. 45007 1 .50916 1. 55661 1 •60159 1 .64521 1. 68654 1. 71295 1. 72788 
>6003 1. 32604 I .39034 1. 45635 1 .52064 1. 50149 1 .64292 1. 70434 1 .76269 I •61972 1. 67253 1. 91100 1. 928 79 
$3178 1. 40584 1 .47017 1. 55050 1 .62110 1. 69171 1 .75030 1. 82431 1 .88669 1 .94601 2. 00342 2. 04188 2. 3566i 
10402 1. 46496 1 .54418 1. 62225 1 .69975 1. 77380 1 •64496 i. 91329 1 .97816 2. .03843 2. 09564 2. 14234 2. 16071 
#3052 1. 51548 1 .59699 1. 67851 1 .75658 1. 83120 1 .90238 1. 97012 2 •03212 2 .09125 2. 14808 2. 19744 2. 22098 
#5346 1. 53844 1 .62340 1, 70491 I  .78471 1. 85876 1 .92079 1. 99538 2 .05630 2.11765 2. 17506 2. 22844 2. 26748 
ANGULAR 
POSITION 
0.00 0.06 0.16 
0 0.89820 0.90521 0.91473 
5 0.89820 0.90516 0.91462 
10 0.89820 0.90500 0.91419 
15 0.89820 0.90463 0.91350 
20 0.89820 0.90415 0.91244 
25 0.89820 0.90367 0.91116 
30 0.89820 0.90309 0.90962 
35 0.89320 0.90240 0.90776 
40 0.89820 0.90170 0.90569 
45 0.89820 0.90091 0.90330 
50 0.89820 0.90006 0.90117 
55 0.89820 0.69926 0.89953 
60 0.89820 0.69830 0.69793 
65 0.69820 0.69777 0.89671 
70 0.89820 0.89719 0.89559 
75 0.69820 0.69671 0.89464 
BO 0.89820 0.89639 0.69405 
05 0.69820 0.69616 0.89352 
90 0.89820 0.69612 0.89336 
95 0.89820 0.69618 0.69368 
100 0.89820 0.69628 0.89426 
105 0.69620 0.89660 0.89501 
110 0.69820 0.69692 0.89596 
115 0.89820 0.69735 0.69708 
120 0.89820 0.69768 0.89830 
125 0.69820 0.69841 0.89979 
130 0.69620 0.69894 0.90126 
135 0.89820 0.90181 0.90309 
140 0.69820 0.90C27 0.90500 
145 0.89620 0.90107 0.90670 
150 0.69620 0.90202 0.90829 
155 0.69620 0.90293 0.90962 
160 0.89620 0.90362 0.91085 
165 0.69820 0.90415 0.91191 
170 0.69820 0.90466 0.91276 
175 0.69620 0.90500 0.91350 
180 0.69620 0.90511 0.91366 
180 
0.24 0.32 0.40 0.48 
0.92663 0.94008 0.95889 0.98196 
0.92626 0.93976 0.95825 0.98100 
0.92557 .0.93901 0,95692 0.97877 
0.92445 0.93774 0.95496 0.97515 
0.92302 0.93604 0.95219 0.97048 
0.92116 0.93354 0.94794 0.96399 
0.91871 0.93030 0.94263 0.95613 
0.91584 0.92583 0.93593 0.94709 
0.91244 0.91967 0.92743 0.93625 
0.90629 0.91233 0.91786 0.92435 
0.90404 0.90511 0.90744 0.91063 
0.90043 0.89990 0.90011 0.90117 
0.69745 0.89586 0.89501 0.69405 
0.69511 0*89278 0.69086 0.88799 
0.89309 0.89033 0.88746 0.88310 
0.69171 0.66852 0.88470 0.87959 
0.69060 0.68714 0.66257 0.87683 
0.88996 0.88608 0.86098 0.87417 
0.88969 0.88567 0.88066 0.67109 
0.89012 0.86629 0.68108 0.67439 
0.89097 0.88735 0.88231 0.87598 
0.89224 0.86895 0.88502 0.66007 
0.69384 0.89116 0.88820 0.88438 
0.89596 0.89437 0.69246 0.69012 
0.69662 0.89646 0.69809 0.69766 
0.90181 0.90431 0.90617 0.90863 
0.90564 0.90969 0.91425 0.91924 
0.90946 0.91499 0.92158 0.92902 
0.91265 0.91914 0.92775 0.93691 
0.91563 0.92291 0.93327 0.94677 
0.91797 0.92621 0.93774 0.95241 
0.92009 0.92913 0.94178 0.95793 
0.92169 0.93168 0.94544 0.96346 
0.92286 0.93402 0.94879 0.96856 
0.92371 0.93572 0.95092 0.97090 
0.92424 0.93699 0.95209 0.97377 
0.92435 0.93763 0.95257 0.97452 
NORMALIZED CONCENTRATIONS AT AXIAL DISTANCE 74 INCHES (ANGOT 
RADIAL POSITIC 
0.56 0.64 0.72 0.80 0.88 0.96 1.1 
1.00555 1,030-10 1.05615 1.08251 1.11079 1. ,13959 1.169; 
1.00375 1.02798 1.05349 1.07964 1.10547 L, 13417 1.163' 
1.00088 1.02363 1.04816 1.07337 1.C9708 I .  ,1249: 1.152 
0.99588 1.01746 1.04021 1.06327 1.08570 1. ,11132 1.136' 
0.96876 1.00853 1.02862 1.04914 1.07040 1. ,09165 1. 112( 
0.96004 0.99705 1.01459 1.03107 1.J5U20 1. ,366b. 1.067' 
0.97005 0.98440 0.99918 1.01353 1.02915 L.i4542 1.Ç59; 
0.95878 0.97060 0.98323 0.99546 1.00853 1. > C 2 0 9 / 1.034: 
0.94539 0.95506 0.96538 0.97632 0.96802 ,9995, 1.011' 
0.93115 0.93838 0.94603 0.95411 0.96251 ,97154 0.98c; 
0.91467 0.91924 0.92424 0.92966 0.93519 ,94V71 0.946! 
0.9C266 u.90447 0.90659 0.90914 0.91201 0. ,9148b 0.917! 
0.69288 0.39150 0.88960 0.86652 0.66725 •>. ,88629 0.885: 
0.6*502 0.88172 0.87621 0.67460 0.87068 ,167:3 0.8631 
0.87811 0,87269 0.86695 3.66078 0.854u6 j. 84696 0.8391 
0.87343 0.86631 0.65665 û.85015 0.64069 0. 83.. 30 0.6203 
0.86950 0.86131 0.85228 0.84207 0.83038 8iBu5 0.8064 
0.86620 0.85738 0.84717 0.83580 0.82335 u. 81103 0.7963 
0.86439 0.65493 0.84016 0.63282 0.81954 
- • 80487 0.790E 
0.66620 0.65759 0.84755 3.83633 0.82336 «. 80638 0.794# 
0.86865 Û.66046 0.85159 0.64191 0.83123 J. 81959 0.8074 
0.87439 3.86822 0.66099 0.85249 0.64308 J. 83245 0.8211 
0.68007 0.87516 0.86966 0.66349 0.85658 0. 84914 0.642C 
0.86719 0.88374 0.86002 0.87630 0.67274 0. 86934 0*866] 
0.89692 0.89612 0.89533 0.89446 0.89357 0. 892 78 0.691E 
0.91127 0.91361 0.91605 0.91639 0.92052 û . 92*75 J.924C 
0.92496 0.93072 0.93561 0.94071 0.94582 u. 95.3V 0.955C 
0.93678 0.94443 0.95262 0.96059 0.96899 0. 97717 0.9856 
0.95028 0.96176 0.97367 0.98536 0.99748 1. C0981 1.0214 
0.96282 0.97813 0.99407 1.01334 1.02681 1. C4127 1.0581 
0.96941 0.98855 1.00696 1.02979 1.05020 1. 06742 I.0806 
0.97781 0.99918 1.02150 1.04425 1.06678 1. 08847 1.1091 
0.96536 1.00981 *1.03469 1.05955 1.08400 1. 10845 1.1329 
0.99089 1.01852 1.04191 1.06691 1.09591 1. 11972 1.1488 
0.99546 1.02256 1.05031 1.07626 1.10707 1. 13534 1.1630 
0.99790 1.02533 1.05296 1.08209 1.11206 1. 14193 1.1713 
1.01024 1.02713 1.04467 1.06400 1.11430 1. 14512 1.1746 
Figure 47. Reynolds number 10,000, £ = 37.0 
INCHES (ANGULAR POSITION, DEGREES > RADIAL POSITION, INCHES) 
ADIAL POSITION 
0.96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2. Co 
13969 1.16925 1.19954 1.22941 1.2587$ 1.28756 1.31541 1.34155 1.36611 1.38854 1.40958 1.42914 1.46443 l.44828 
13417 1.16340 1.18966 1.21910 ' 1.24653 1.27491 1.30223 1.32848 1.35303 1.37578 1.39683 1.41617 1.42999 1.43541 
1249: 1.15277 1.17595 1.20475 1.23133 1.25716 1.28256 1.30690 1.32944 1.35038 1.37036 1.3874 7 1.40129 1.40746 
11132 1.13640 1.15756 1.18541 1.21102 1.23452 1.25f79 1.27937 1.29967 1.31870 1.33656 1.35187 1.36483 1.37121 
0916» 1.11206 1.13417 1.15883 1.18030 1.20199 1.22293 1.24366 1.26311 1.28160 1.29776 1.31243 1.32465 1.33C07 
368*. 1.08740 1.10547 1.12556 1.14533 1.16532 1.18519 1.20411 1.22187 1.23834 1.25216 1.26173 1.26662 1.26642 
i4542 l.ÇS923 1.07305 1.08953 1.10654 1.12354 1.1*055 1.15809 1.17499 1.19051 1.20220 1.21145 1.21761 1.22133 
C209f 1.03425 1.04701 1.06083 1.07412 1.08740 1.10122 1.10685 1.13035 1.14565 1.15596 1.16691 1.17329 1.17648 
9995, 1.01140 1.02309 1.03425 1.04542 1.0560b 1.06646 1.07518 1.08570 1.09442 1.10282 1.1U909 1 .-11323 1.11483 
97154 0.98C26 0.98961 0.99875 1.00747 1.01661 1.02416 1.03022 1.03638 1.04170 1.04552 1.04935 1.35190 1.^5286 
94.-71 0.94656 0.95198 0.95772 0.96304 0.96835 0.97367 0.97T92 0.98217 0.98578 0.98855 0.99110 0.99280 -.99365 
9148b 0.91754 0.92020 0.92243 0.92477 0.92690 0.92892 0.93051 0.93210 0.93327 0.93434 0.93497 0.93529 ..93529 
,88629 0.88533 0.88459 0.68406 0.88342 0.88321 0.88300 0.88257 0.88246 0.88236 0.88236 0.88225 0.88225 u.88225 
,167:3 0.86312 0.85972 0.85610 0.85270 0.84962 0.84675 0.84420 0.84197 0.83995 0.83856 G.8374U 0.83655 0.83644 
84696 0.83973 0.83293 0.82645 0.82049 0.81497 0.80997 0.8056i 0.80157 0.79817 0.79552 0.79392 0.79275 0.79222 
83.30 0.82039 0.81103 0.80242 0.79413 0.78680 0.78021 0.77415 0.76883 0.76458 0.76129 ti.75874 0.75682 ù .75629 
81Bu5 0.80646 0.79520 0.78489 0.77521 0.76639 0.75863 0.75151 0.74513 0.73962 0.73556 0.73227 0.72961 0.72897 
81103 0.79637 0.78435 0.77319 0.76299 0.75363 0.74524 0.73801 0.73153 0.72621 0.72196 0.71856 0.71611 J.71494 
80487 0.79084 0.77808 0.76650 0.75597 0.74673 0.73843 0.73099 0.72*83 0.71994 0.71611 0.71292 0.71037 C.70920 
80838 0.79488 0.78255 0.77139 0.76113 0.75172 0.74035 0.73684 0.7311C 0.72610 0.72217 0.71930 0.71749 J.71686 
81959 0.80742 0.79546 0.78473 0.77521 0.76671 0.75953 0.75332 0.74811 0.74401 0.74088 0.73859 0.73727 0.73673 
83245 0.82119 0.81125 0.80290 0.79583 0.78988 0.78499 0.78117 0.77713 J.77537 0.77330 u.77181 0.77064 D.77032 
84914 0.84207 0.83554 0.82980 0.82448 0.81991 0.81582 0.81231 0.8C944 6.80715 0.80524 C .80397 0.80306 0.80274 
86934 0.86615 0.86307 0.66014 0.85738 0.85488 0.85260 0.85052 0.84877 0.84723 0.84601 0.84510 0.84468 0.84452 
892 78 0.89182 0.89107 0.89022 0.88948 0.88874 0.88805 0.88735 0.88672 0.88619 0.88571 0.88544 0.88518 0.88502 
92275 0.92466 0.92658 0.92775 0.92913 0.92998 0.93115 0.93317 0.93327 0.93497 0.935C8 0.93529 0.93551 0.93561 
95*39 0.95506 0.95985 0.96442 0.96856 0.97250 0.97622 0.97962 0.98270 0.98504 0.98706 0.98855 0.98940 0.98972 
97717 0.98568 0.99418 1.00268 1.01098 1.01884 1.02596 1.03213 1.03819 1.04371 1.04860 1.05275 1.05636 1.05721 
00981 1.02192 1.03351 1.04542 1.056*7 1.06667 1.07603 1.08506 1.09314 1.10058 1.10717 1.11270 1.11674 1.11844 
C4127 1.05870 1.07465 1.08889 1.10292 1.11610 1.1286* 1.13970 1.15033 1.16011 1.16882 1.17605 1.18179 1.18392 
06742 1.08889 1.10760 1.12567 1.14268 1.15926 1.17478 1.18966 1.20348 1.21602 1.22750 1.23749 1.24578 1.2495.) 
08847 1.10972 1.13098 1.15182 1.17095 1.18902 1.20603 1.222*0 1.23707 1.25067 1.26*07 1.27512 1.28192 1.28703 
108*5 1.13290 1.15713 1.17988 1.20156 1.22282 1.2*196 1.25981 1.27661 1.29255 1.30743 1.32061 1.33018 1.33526 
11972 1.1*88* 1.17520 1.20071 1.22537 1.2*812 1.26938 1.28958 1.30807 1.32572 1.3*1*5 1.35612 1.36823 1.375*6 
1353* 1.16308 1.190*0 1.21815 1.2***0 1.26938 1.29266 1.31413 1.33380 1.352*0 1.36940 1.38492 1.39768 1.40459 
14193 1.17138 1.20071 1.22931 1.25652 1.28288 1.30690 1.32933 1.34985 1.36887 1.38673 1.40269 1.41649 1.42361 
1*512 1.17*88 1.20390 1.23303 1.26162 1.28830 1.31317 1.33635 1.35729 1.37695 1.39523 l.*1171 1.42521 1.43254 




0.00 0.08 0.16 0.24 0.32 U.40 0.48 i.56 0.64 C.72 0.83 0.88 0.96 
0 0  .03083 0.03382 0 .03834 0.04914 0 • v6696 0.C9744 0.15134 0.22701 ; .34098 0 •49606 0 .69130 0, .92485 1.21445 
5 0 .C3CB3 0.03372 0 .03819 0.04867 ..J6539 0.C9473 0.14723 0.21953 
-
-33C7U 0 .47831 .66883 0, .39869 1.17ti95 
13 i )  .03083 0.03346 D .03793 0.04792 0.06352 0.09C80 0.13770 0.21019 0 .31109 0 .44841 : .62404 0, .84264 1.MI6 '> 
15 c  •C3C83 0.03307 0 .03750 0.04671 0.06128 0.08725 0.12929 0.19616 V .28680 c .40731 c .56086 0, .77071 1.-042? 
20 0 .03083 0.03255 0 .03696 0.04512 0.05857 0.08184 0.12014 0.17638 u .25690 û .35499 j .50 727 0 ,  . 654b 7 ..62jv, 
25 0 .03083 0.03215 0 .03634 0.04372 0.05605 0.07688 0.10865 0.15788 0 .22234 0 .31389 0 .42412 0. .54653 . .67t.33 
30 V .(.3i83 0.03184 J .03559 0.04232 C.J5269 0.07:91 0.09753 0.11555 c - .18964 0 .26438 ) .35406 0. ,449 15 . . 5465. 
35 0 • C 3083 0.03161 J .03462 0.04026 O.04942 0.06416 0.08656 0.12107 0  .16358 0 .21393 0 .27185 0. .33351 ..3942, 
43 0 -C3C83 0.03146 J .03384 0.03858 C. 04624 0.0582C v.07614 0. 1.239 u .12939 o .16348 .19W98 c. ,23915 ..<76 5/ 
45 V .03083 0.03128 0 .03313 0.03699 0.04297 0.05213 0.C6521 0.0838C .10538 0 .12892 J .13246 c. 17348 . .18'?64 
50 û .03083 0.03115 0 .03251 0.03522 c.03952 0.04550 0.05325 0.06362 0 .07791 0 .09389 0 .10837 0. 11939 ,.12/4/ 
55 0 •C3083 0.03100 0 .03191 0.03400 0.03690 0.04082 0.04512 0.05054 ) .05727 0 .06362 0 . J695, 0. -7492 . 7)1) 
60 0 .03083 0.03087 0 .03137 0.03225 0.u3341 0.03477 0.03645 0.O3836 v .04045 0 .04260 -..4537 c. .4686 . 4.1. 5 
65 0 .03083 0.03077 0 .03083 0.03075 0.03053 0.C3021 0.02973 0.02918 C .02860 0 .02810 0  .:2 769 c. -2733 . 27.5 
70 0 .03083 0.03064 J  .03038 0.02974 0.02874 0.02705 0.02541 0.02392 0 .02259 0 .02145 0 .02:51 0. A  975 . .  V )  0  
75 0 .o3083 0.03051 0 .02995 0.02892 0.02761 0.02591 0.02390 0.1216: 0 .01977 0 .01831 . .1713 0 .  '1618 Ih4j 
80 0 .03083 0.03045 0 .02963 0.02832 0.02651 0.C2425 0.02139 0.C19C6 3 .  L 1710  0  .01554 .01435 0. 1330 .. 1256 
85 c .03083 0.03040 0 .02937 0.02776 0.02537 * 0.02240 0.01973 0.01753 0  .0156J 0  .014:9 0  .C120. 0. 01188 
90 0 .03083 0.03036 0 .02922 0.02737 O.02448 0.02143 0.01870 0.01644 u .01459 0  .01315 0 .•-,123; c . . '11J8 . 1 41 
95 0 .03083 0.03040 0 .02937 0.02778 0.02537 0.02240 0.01973 0.01753 J  .01560 0  .014.9 •: .->1287 r. ~ 1 IdB -. 11 .6 
100 c .03U83 0.03045 0 .02963 0.02832 0.02651 0.02425 0.02139 0.C1906 0 .01710 0 .01554 : .11435 0 .  J13J0 : .„U52 
105 0 .03083 0.03051 0 .02995 0.02892 0.02761 0.02591 0.02390 0.02160 0 .01977 0 .01831 • J1 /13 c. 31618 . . 1543 
110 û .03083 0.1,3064 0  .03038 0.02974 0.02874 0.02705 0.02541 0.02392 3 .02259 0  .02145 3 . -2 5l 0. -1975 l'Kd 
115 0 .03083 0.03077 0 ,  .03083 0.03075 0.03053 0.03021 0.02973 0.C2918 G .02860 0 ,  .02810 0  .02 769 0 .  J27i3 . 27C5 
120 0  .03083 0.C3087 0 ,  .03137 0.03225 0.03341 0.034/7 0.03645 0.03836 0  .04045 0  .04260 0  .04507 0 .  04686 j.U4MC5 
125 0 .03083 0.03100 0 ,  .03191 0.03400 0.03690 0.04082 0.04512 0.05Ç54 0  .05727 0 ,  .06362 ù  • 0695j 0 .  37492 ...7913 
130 0  .03083 0.C3115 .03251 0.03522 0.03952 0.04550 0.05325 0. 063*62 0 ,  .07791 0 ,  .09389 0  .10837 0. 11939 .12/42 
135 0 .03083 0.03128 0, .03313 0.03699 0.04297 0.05213 0.06521 0.0830V .10538 0 .12892 : .15246 0. 17348 v. 18964 
143 0 .03083 0.03146 0, .03384 0.03858 0.04624 0.05820 0.07614 0.10239 3 .12939 0 .16348 0  .19898 0. 23915 w.27652 
145 0 .03083 0.03161 0, ,03462 0.04026 0.04942 0.06418 0.08856 0.12107 Û, .16358 0, .21393 0 .2/185 0. 33351 3.39423 
150 0 .  03083 0.03184 0. .03559 0.04232 0.05269 0.07091 0.09753 0.13555 J ,  .18964 0 ,  .26438 0 .35406 0. 44935 i -54653 
155 0 ,  .03083 0.03215 0 ,  .03634 0.04372 0.05605 0.07688 0.10865 0.15788 0 .  22234 o ,  .31389 0 .42412 0. 54650 3.67635 
160 0 .03083 0.03255 0, .03696 0.04512 0.05857 0.08184 0.12014 0.17638 0 ,  .25690 0 ,  .35499 0 .50727 0. 65487 V.82302 
165 0, .03083 0.C3307 0. ,0 3750 0.04671 0.06128 0.08725 0.12929 0.19618 0. .28680 0, .40731 0, .56986 0. 77071 1.00425 
170 0. .03083 0.03346 0. .03793 0.04792 0.06352 0.09080 0.13770 0.21019 0. .31109 0, .44841 0 ,  .62404 0. 04264 1.11169 
175 û, .03083 0.03372 0, .03819 0.04867 0.06539 0.09473 0.14723 0.21953 Ù, .33070 0. .47831 0, .66888 0. 09869 1.17895 
180 0, .03083 0.03382 0, .03834 0.04914 0.06698 0.09744 0.15134 0.22701 0. .34098 0, .49606 0. .69130 0. 92485 1.21445 







































IN, (ANGULAR POSITION, DEGREES; RADIAL POSITION, IN.) 
, POSITION 
1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.0J 
1 .56812 2. 06456 2 .66244 3, 37243 4. 14780 5. 00726 5 .86671 6. 78222 7 .62299 8 .33298 8. 89349 9. 30453 9. 49137 
1 .55076 1. ,98983 2 .52231 3. 19493 3. 92360 4. 68029 5 .46501 6. 31513 7 .09050 7 .73510 8. 25824 8. 63192 8. 81876 
z .43305 1. 81700 2 .26074 2. 77455 3. 38177 4. 05439 4 .75503 5. 44B2C 6 -15631 6 .77288 7. 27 734 7. 66036 /. 88457 
1 .26863 1. ,57131 1 .91509 2. 31679 2. 78389 3. 26967 3 .80215 4. 32530 4 .84845 5 .32488 5. 69856 5. 96948 6. 16566 
1 •C1640 1. 24434 1 .50872 U 81139 2. 14664 2. 50363 2 .87731 3. 25098 3 .61532 3 .94228 4. 18517 4. 35333 4. 45609 
0 .81928 0. 98183 1 .16307 1. 36112 1. 57691 2. 80205 2 .02719 2. 26074 2 .45692 2 .59705 2. 70915 2. 77455 2. 78389 
c .64833 0. 75576 0 .88001 1. 01173 1. 14532 1. 28825 I .42557 1. 54235 1 .63110 1 .68715 1. 72171 1. 74133 1. 74507 
0 .46149 0. 53529 0 .61003 0. 68756 0. 76230 0. 83610 0 .89682 0. 93886 0 .97062 0 .99304 1. 01173 1. 02387 1. 02668 
0 .31295 0. 34 752 0 .37835 0. 40731 0. 43160 0. 45215 0 .47083 0. 48578 0 .49792 0 .50446 0. 50820 0. 51007 51007 
0 .20179 0. 21673 0 .22794 0. 23915 0. 24756 0. 25223 0 .25503 0. 25410 0 .25036 0 .24756 0. 24289 0. 23915 0. 23822 
0 .13387 0. 13751 0 .13935 0. 14022 c. 13966 0. 13 779 0 .13452 0. 13116 0 .12911 0, .12798 0. 12714 0. 12705 0. 12705 
0 .08193 Û. 08314 0 .08268 0. 08155 0. 08015 0. 07866 0 .07735 0. 07623 0 .07483 0 .07408 0. 07343 0. 07296 0. 07287 
0 .04876 0. 04893 0 .04854 0, 04764 c. 04639 0. 04486 0 .04346 0. 04219 0 .04107 0 .04013 0. 03939 0. 03886 0. 03863 
V .02676 0. 02647 0 .02619 0. 02599 0. 02576 0. 02560 0 .02541 0. 02528 0 .02511 0 .02498 0. 02487 0. 02481 0. 02481 
0 .01852 0. 01797 0 .01754 0. 01713 0. 01676 0. 01642 0 .01609 0. 01575 0 .01551 0 .01526 0. 01508 0. 01493 0. 01489 
J .01485 0. 01446 0 .01396 0. 01334 0. 01263 0. 01171 0 .01082 0. 01005 0 .00945 0 .00917 0. 00867 0. 00848 0. 00839 
c • C.1192 0. 01143 0 .01117 0. 01076 0. 01024 0. 00953 0 .00863 0. 00765 0 .00712 0 .00654 0. 00611 0. 00581 0. 00575 
0 .01044 0. 01000 0 .00968 0. 00917 0. 00859 0. 00777 0 .00678 0. 00594 0 .00519 0 .00452 0. 00407 0. 0)374 0. 00359 
0 -C0992 0. 00955 3 .00916 0. 00863 0. 00794 0. 00714 0 .00632 0. 00538 0 .00452 0 .00387 0. 00334 0. 00301 0. 002 90 
0 .01044 0. 01000 0 • C'J968 0, 00917 0. 00859 0. 00777 0 .00678 0. 00594 0 .00519 0 .00452 0. 00407 0. 00374 0. 30359 
0 •C1192 0. 01143 V -0U17 0. 01076 0. 01024 0. 00953 0 .00863 0. 00785 0 .00712 0 .00654 0. 00611 0. 00581 0. 005 75 
c .01485 0. 01446 0 .01396 0. 01334 0. 01263 0. 01171 0 .01082 0. 010G5 3 .00945 0 .00917 0. 00867 0. 00848 o. C0839 
0 .01852 0. 01797 0 .01754 0. 01713 0. 01676 0. 01642 0 .01609 0. 01575 0 .01551 0 .01526 0. 01508 0. 01493 0. 01489 
0 .02676 0. 02647 0 .02619 0, 02599 0. 02576 0. 02560 0 .02541 0. 02528 0 .02511 0 .02498 0. 02487 0. 02481 0. 02481 
0 .04876 0. 04893 0 .04854 0. 04764 0. 04639 0. 04486 0 .04346 0. 04219 0 .04107 0 .04013 0. 03939 0. 03866 0. 03660 
0 .08193 0. 08314 0 .08268 0. 08155 0. 08015 o. 07866 0 .07735 0. 07623 0 .07483 0 .07406 0. 07343 0. 07296 0. 07287 
0 .13387 0. 13751 0 .13985 0. 14022 0. 13966 0. 13779 0 .13452 0. 13116 0 .12911 0 .12796 0. 12714 0. 12705 0. 12705 
0 .20179 0. 21673 0 .22794 0. 23915 0. 24756 0. 25223 0 .25503 0. 25410 0 .25036 0 .24756 0. 24289 0. 23915 0. 23822 
0 .31295 0. 34752 0 .37835 0. 40731 0. 43160 0. 45215 0 .47083 0. 48578 0 .49792 0 .50446 0. 50820 0. 51007 0. 51007 
0 .46149 0. 53529 0 .61003 0. 68756 0. 76230 0. 83610 0 .89682 0. 93686 0 .97062 0 .99304 1. 01173 1. 02387 1. 02668 
0 .64833 0. 75576 0 .88001 1. 01173 1. 14532 1. 28825 1 .42557 1. 54235 1 .63110 I .68715 1. 72171 1. 74133 1. 745Ù7 
0 .81928 0. 98183 1 .16307 1. 36112 1. 57691 1. 80205 2 .02719 2. 26074 2 .45692 2 .59705 2. 70915 2. 77455 2. 76389 
I .01640 1. 24434 1 .50872 1. 81139 2. 14864 2. 50363 2 .87731 3. 25098 3 .61532 3 .94228 4. 18517 4. 35333 4. 45609 
1 .26863 1. 57131 1 .91509 2. 31679 2. 78389 3. 26967 3 .80215 4. 32530 4 .64845 5 .32486 5. 69856 5. 96946 6. 16566 
1 .43305 1. 81700 2 .26074 2. 77455 3. 38177 4. 05439 4 .75503 5. 44820 6 .15631 6 .77286 7. 27734 7. 66036 7. 86457 
1 .55076 1. 98983 2 .52231 3. 19493 3. 92360 4. 68029 5 .46501 6. 31513 7 .09050 7 .73510 8. 25824 6. 63192 8. 61876 
1 .58812 2. 06456 2 .66244 3. 37243 4. 14780 5. 00726 5 .86671 6. 78222 7 .62299 8 .33298 8. 69349 9. 30453 9. 49137 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0.96 1.1 
0 0. .10699 0. .12975 0.16413 0, .21478 0.28018 0.36465 0.47284 0.60588 0.77258 0 .97774 1 .23901 1. 50508 I .80-01 2 .115 
5 0. .10699 0. •12959 0.16349 0. .21286 0.27649 0.36064 0.46603 0.59626 0.75975 0 .95530 I .17970 1. 44578 1 .72147 2 .035< 
10 0. ,10699 0, .12895 0.16237 0, .20949 0.27072 0.35103 0.45281 0.57751 0.73090 0 .91203 1 .13162 1. 38166 1 .65735 1 .9261 
15 0. .10699 0. .12823 0.16061 0. .20517 0.26303 0.3369? 0.43117 0.54738 0.68602 0 .85112 1 .05628 1. 28549 1 .53874 1 .8091 
20 0, .10699 0. .12727 0.15836 0, .20004 0.25405 0.32057 0.40713 0.51131 0.63633 0 .78380 0 .98395 1. 17329 1 .3744 1 .572' 
25 0. .10699 0. .12606 0.15540 0. .19395 0.24395 0.30486 0.38180 0.47284 0.58104 0 .7G6Q6 G .85593 1. 31621 1 .17329 1 .3281 
. 30 0. 10699 0< .12550 0.15187 0. .18753 0.23338 0.28851 0.35423 0.43117 0.52313 0 .62031 0 .72770 0. 84471 0 .96332 1 .C81S 
35 0. 10699 0< .12318 0.14778 0. .18032 0.22184 0.27168 0.32666 0.38949 0.46082 0 .53375 0 .61389 0. 69243 J .76937 0 .841! 
40 0. 10699 0. .12150 0.14289 0, .17151 0.20981 0.25245 0.29733 0.34622 0.39751 0 .45040 c .49849 0. 55138 .60428 0 .652: 
45 0. 10699 0.11973 0.13841 0. .16541 0.19715 0.23081 0.26607 0.30134 0.33981 0 .37587 0 .41'. 33 0. 44319 Û .4712* 0 .4955 
50 0. 10699 0. 11781 0.13400 0. ,15852 0.18513 0.20917 0.23562 0.26287 0.28771 0 .30775 0 .32458 0. 33981 V .351J3 0 .3614 
55 0. 10699 0. 11581 0.12975 0. 14891 0.16990 0.18753 0.20436 0.22280 0.23722 0 .24363 3 .25165 0. 25485 •25d66 0 .2612 
60 0. 10699 0. 11364 0.12574 0. .14105 0.15708 0.16830 0.17872 0.16834 Ù.19475 0 .19715 0 .19715 0. 19475 •J .18594 0 .1861 
65 0. 10699 0. 11220 0.12190 0. 13440 0.14297 0.14907 0.15291 0.15532 0.15652 0 .15644 c .15503 0. 15179 J .14690 0 .1392 
70 0. 10699 0. 11084 0.11829 0. 12791 0.13272 0.13416 0.13384 0.13224 0.12887 0 .12398 0 .11845 0. 11223 .  10', 4 7 0 .v984 
75 0. 10699 0. 10956 0.11573 0. 11941 0.11965 0.11845 0.11573 0.11220 3.10707 0 .10098 0 .u9425 0. "8704 V .37982 0 .3726 
80 0. 10699 0. 10843 0.11164 0. 11332 0.11276 0.11012 0.10579 0.10034 0.094C9 0 .08687 : .37638 0. 06968 .06167 0 .0548 
85 0. 10699 0. 10763 0.10875 0. 10819 0.10643 0.10403 0.09938 0.09321 0.08607 0 .07790 : .06908 0. 06107 -• .C533. c .0462 
90 0. 10699 0. 10659 0.10579 0. 10435 0.10226 0.09874 0.09313 0.08655 0.07894 0 •071C9 0 .36315 0. -5522 
-
. V4705 0 .:411 
95 0. 10699 0. 10683 0.10659 0. 10467 0.10146 0.09697 0.09136 0.08495 0.07774 0 .07029 0 .06275 0. :5546 : .34857 c .0421 
100 0. 10699 0. 10683 0.10667 0. 10547 0.10274 0.09906 0.09393 0.08832 0.06191 0 .07525 c .06844 0. 36171 : . ,55li. 3 .0491 
105 0. 10699 0. 10683 0.10731 0. 10659 0.10499 0.10242 0.09858 0.C9425 0.08928 0, .08399 0 .37838 0. C73l I 
-
.  674. 0 • 062C 
110 0. 10699 0. 10683 0.10827 0. 10899 0.10899 0.10787 0.10619 0. 1C362 0.10034 0, .09649 0 -09248 0. 08816 .  8367 0 .0790 
115 0. 10699 0. 10731 0.10948 0. 11100 0.11252 0.11396 0.11557 0.11701 0.11805 3. .11837 ; .11605 0. 11661 .114 36 0 .1122 
120 0. 10699 0. 10771 0.11084 0. 11460 0.11781 0.12214 0.12695 0.13192 0.13736 0, .14265 0 .14618 0. 1481V 
-
. 14426 0 .1465 
125 0. 10699 0. 10811 0.11252 0. 11861 0.12518 0.13272 0.14041 0.14907 0.15884 0, .17022 0 .18:32 0. 1B994 .20.36 u .2075 
130 0. 10699 0. 10835 0.11476 0. 12262 0.13272 0.14426 0.15740 0.17231 0.18994 0. .20837 0, .22680 0. 24283 ; .258-6 0 .2700 
135 0. 10699 0. 10915 0.11701 0. 12663 0.14089 0.15788 0.17712 0.20116 0.22761 0. .25325 0, .28290 0. 31416 - .34461 0 .3750 
140 0. 10699 0. 10996 0.11909 0. 13143 0.14907 0.17311 0.21196 0.23562 0.27008 0, .31176 c .35664 0. 4J392 : .45601 0 .5065 
145 0. 10699 0. 11124 0.12102 0. 13560 0.15788 0.18593 0.22039 0.26287 0.31656 0. .37427 c, .43758 0. 50891 o .58665 0 .6691 
150 0. 10699 0. 11220 0.12278 0. 13945 0.16606 0.19956 0.24123 0.29573 0.36305 0. .44319 0, .54177 0. 64916 j .75334 0 .8671 
155 0. 10699 0. 11300 0.12470 0. 14378 0.17391 0.21478 0.26447 0.32939 0.41514 c. 51933 0, .64435 0. 78540 .93447 1 .0947 
160 0. 10699 0. 11364 0.12631 0. 14714 C.18144 0.22600 0.28531 0.36257 0.46403 0. 58665, 0, .72 770 0. 89279 i .07552 1 .2710 
165 0. 10699 0. 11412 0.12783 0. 15019 0.18794 0.23754 0.30502 0.39270 0.50811 0. 64595 0, .81265 1. 00659 i .23399 1 .4858 
170 0. 10699 0. 11460 0.12919 0. 15243 0.19395 0.24732 0.31897 0.41546 0.54577 0. 70638 0, .89600 1. 12200 i ,3768b 1 .6589 
175 0. 10699 0. 11468 0.13015 0. 15387 0.19956 0.25710 0.32778 0.42155 0.57430 0. 73731 0. .93767 1. 17489 l ,45ô6ù 1 .  7801 
180 0. 10699 0. 11473 0.13095 0. 15468 0.20196 0.26095 0.33900 0.44399 0.58584 0. 75975 0. .96813 1. 21657 i .50669 1 .832C 
Figure 49. Reynolds number 20,000, | » 11.5 
[STANCE 23 INCHES (ANGULAR POSITION, DEGREES y RADIAL POSITION, INCHES) 
RADIAL POSITION 
.88 0.96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.00 
508 1.80-01 2 .11577 2 .48924 2 .90117 3 .36600 3 .87892 4.39984 4.8B551 5, ,30225 5 .65328 5 .89371 6. ,05880 6. .16299 6. .21588 
578 1.72147 2 .03563 2 .38024 2 .75531 3 .17366 3. .62887 4.08729 4.51846 4. ,88872 5 .22532 5 .46254 5. ,62443 5. .73022 5, .78471 
166 1.65735 1 .92663 2 .21996 2 .55335 2, .90438 3 .26983 3.63849 3.99112 4. ,29245 4 .58417 4 .82460 5. .00092 5. .10190 5. .14517 
549 1.53874 1 .60963 2 .08371 2 .35620 2. .63029 2, .89957 3.15763 3.40126 3. ,63047 3 .62762 3 .99272 4. ,12255 4. ,20590 4« 24437 
329 1.37-44 I .57240 1, .77597 1 .97953 2. .17989 2, .37864 2.56457 2.73608 2. ,89636 3 .02780 3 -140C0 3. 22655 3« ,28746 3. 3179Z 
621 1.17329 1, .32877 1, .48104 1. .63011 1. .76955 1. .90740 2.02441 2.13340 2. 22156 2 .29529 2 .35460 2. 39467 2. 42512 2. 441 15 
471 0.96332 1, .08193 I. .19253 1. ,29190 1. ,38327 1. .46341 1.53874 1.6C286 1. 65255 1 .69262 1 .71987 1. 73589 1. 74391 1. 74551 
243 j.76937 0. ,84150 0. .93882 0. .96973 1. 02563 1. ,07552 1.11879 1.15245 1. 18291 1 .20695 1 .22939 1. 24 382 1. 25343 1. 25504 
138 1.60428 0. ,65236 0. .69404 0. .73411 0. 76777 0. 79983 0.82227 0.84310 0. 85753 0 .86715 0 .87676 0. 87837 0. 87997 J. 88157 
319 J.4712t 0. ,49528 0. .51532 0. ,53215 O. 54337 0. 55299 0.561C0 0.56741 0. 5690 I 0 .56821 0 .56501 0. S610U 0. 51860 0. 55779 
981 u.35lJ3 0. .36144 0. ,36866 0. ,37427 0. 37747 0. 37988 0.38148 0.36228 0. 38148 0 .37988 0 .37827 0. 37587 0. 375u7 •' • 3734 7 
V85 ..25â&b 0. .26127 0. ,26207 0. ,26287 0. 26287 0. 26207 0.26127 0.25966 0. 25806 0 .25435 0 .25165 0. 25085 0. 24924 
- • 
24844 
t75 j.18094 0. 18673 0. 18273 0. 17952 0. 17551 0. 17231 0.16990 0.16670 0. 16429 0 .16269 0 .16189 0. 16C29 0. 15997 
- • 
15997 
179 J.14690 0. 13929 0. 13224 12550 0. 11941 0. 11380 0.10899 0.10451 0. 10066 0 .09761 0 .09489 c. 09313 0 • 09184 V. : 916b 
22 0 .  .  10', 4 7 0. «9842 0. 39152 0. 08479 0. 07878 0. 07357 0.069GB 0.06516 0. 06187 0 .05915 0 •057C6 0. 05554 0. u5466 . >54 5-
704 u.07902 0. C7261 0. 06588 0. 05931 0. 05330 0. 04809 0.04360 0.03991 0. 03695 0 •C3446 0 .03246 c. 03-94 0. j30U2 02949 
?bB J.06X87 0. 05482 0. 0t857 0. 04304 0. 03823 0. 03414 0.03069 0.02789 0. 02577 0 .02407 0 .02281 0. 02190 0. 02132 J  .  02124 
LÙ7 .•.C533w c. 04624 0. 03999 0. 03462 0. 29893 0. 02605 0.02292 0.02044 0. 01851 0 .01699 0 .01587 0. 01505 0. 01451 "• 0142b 
>22 4785 0. :4119 c. 03539 0. 03u45 0. 02617 0. 02281 0.02012 0.01790 0. C1619 0 .01487 0 .01385 0. 01313 0. 01265 J. 01241 
>46 :.04857 c. 04216 0. 03671 0. 03206 0. 02789 0. 02460 0.02196 0.01972 0. 01803 0 .01667 0 .01574 0. 01503 0. 01459 01443 
171 :..5>2i Û .  04913 0. 04376 0. 03887 0. 03462 0. 03134 0.02861 0.02661 0. 02516 0  .02404 0 .02318 0. 02257 0. 02209 c. 0219. 
k I - * "'674. 0. 06208 0. 05698 u. 05233 0. 04825 0. 044 56 0.04151 0.03884 0. C3655 0 .03470 0 .03318 0. 03206 0. 03126 J. C3v94 
116 j. 836/ 0. 07902 0. 07469 0. 07053 0. 06676 0. 06323 0.06019 0.05746 0. 05506 0 .05305 0 .05137 0. 05001 0. 04913 0. 04873 
>61 ...114 36 0. 11220 0. 10980 0. 10723 0. 10435 0. 10162 0.09914 0.09665 0. 09465 u .09281 Cl .09136 0. 09008 0. 08944 . J . C8912 
llu v .  14826 0. 14650 0. 14394 0. 14049 0. 13785 0. 13616 0.13512 0.13464 0. 13416 u .13368 c .13336 0. 13320 0. 13304 - .  131Ù4 
MJ4 -.20.36 u .  20757 0. 21398 0. 21799 0. 22039 0. 22216 0.22680 0.23241 0. 23642 V .24075 0 .24363 0. 24524 0. 24684 0. 24684 
'S3 v.253.6 0. 27008 0. 28210 J. 29493 0. 30935 0. 32698 0.34461 0.35664 0. 36545 c .37106 0 .375^7 û. 37827 0. 37988 J .  38.68 
• 16 ,.34461 0. 37507 0. 40312 0. 43117 0. 45922 0. 48326 0.50250 0.51852 0. 53055 c .53936 0 .54657 0. 55299 0. 55539 a. 55779 
L92 :.45601 0. 50653 0. 55619 0. 60267 0. 64755 0. 68763 0.72129 0.75334 0. 7bl39 : .80704 0 .83188 c. 84951 0. 86073 0. 86554 
191 0.58665 0. 66919 0. 74934 0. 82866 0. 90081 0. 96171 1.02102 1.07712 1. 13482 1 .18611 1 .23260 1. 26946 1. 29671 1. 30793 
116 j.75334 0. 86715 0. 98335 1. 09956 1. 20214 1. 30072 1.40490 1.50669 1. 61087 1 .69903 I .78719 1. 85771 1. 69939 1. 93946 
140 '..93447 1. 09475 t. 25824 1. 42013 1. 58362 1. 73910 1.89137 2.05166 2. 2C393 2 .35620 2 .48443 2. 58862 2. 65754 2. 67838 
!79 1.0755/ 1. 27107 1. 48264 1. 70704 1. 93946 2. 16790 2.43634 2.66876 2. 89316 3 .10153 3 .28586 3. 45416 3. 56636 3. 62246 
.59 1.23:99 1. 48585 1. 76635 2. 07249 2. 39307 2. 72967 3.06146 3.39004 3. 67054 3 .93502 4 .16743 4. 37580 4. 52807 4. 58417 
!C0 1.37685 1. 65896 1. 97472 2. 35299 2. 76493 3. 22174 3.64650 4.03920 4. 35176 4 .63226 4 .89673 5. 11312 5. 27340 5. 3295-
•09 1.4566L 1. 78077 2. 12379 2. 51649 2. 95727 3. 45416 3.93982 4.41587 4. 84864 5 .24134 5 .59397 5. 88569 6. 09086 6. 171G. 
,57 1.50669 1. 83207 2. 20 393 2. 60464 3. 06146 3. 55834 4.08729 4.56013 5. 01694 5 .44972 5 .84242 6. 19504 6. 44349 6. 53164 
183 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0,64 0.72 0.80 u. 88 0.96 1. 
0 0.20289 0.23625 0 .28527 O. 35423 0.43709 0.53458 0.65087 0. .78363 O .93886 1.11111 1. .30855 1. .53731 1. .77423 2 .03; 
5 0.20289 0.23563 0 •28431 0. .35246 0.43573 0.53363 0.64896 0. .77887 0, .92647 1.09613 1. .29357 1. ,51416 1. ,76062 2 .Cl< 
10 0.20289 0.23434 0 .28241 0. .34892 0.43164 0.52900 0.64134 0. ,76865 0. .91026 1.06481 1, .25136 1. ,47058 1. .70615 1 .94< 
15 0.20289 0.23230 0 .27941 0. .34348 0.42552 0.51879 0.62459 0. .74006 0, .86805 1.00354 1. .16557 1. 35348 1. ,55637 1 . 76< 
20 0.20289 0.22978 0 .27546 0. .33687 0.41667 0.50381 0.59967 0. 70180 0, .81154 0.92660 1. .06345 1. 21459 1. 37663 1 .55: 
25 0.20289 0.22685 0 .27070 0. .32891 0.40196 0.48134 0.56645 0. 65632 0. .75054 0.84899 0. .95452 1. ,08251 1. 22276 1 .371 
30 0.20289 0.22352 0 .26505 0. 31978 0.38671 0.45820 0.53241 0. 60798 0. .68559 0.76729 0. ,85512 0. 95588 1. 07298 1 .195 
35 0.20289 0.22018 0 .25871 0. 30896 0.37078 0.43301 0.49632 0. 55950 0. ,62309 0.68818 0. 75299 0. 82244 ) »  69461 0 .964 
40 0.20289 0.21691 0 .25204 0. 29725 0.34954 0.40114 0.45316 0. 50463 0. 55528 0.60321 0. 65223 0. 69853 0. 74755 0 .792 
45 0.20289 0.21405 0 .24483 0. 28445 0.32816 0.37078 0.41231 0. 45071 0. 48829 0.52287 0. 55828 0. 59096 u. 62364 0 .652 
50 0.20289 0.21187 0 .23720 0. 27124 0.30664 0.34041 0.37241 0. 40155 0. 42851 0.45411 0. 48066 0. 50381 3. 5256. 0 .542 
55 0.20289 0.20997 0 .22917 0. 25776 0.28336 0.30664 0.33088 0. 34886 0. 36778 0.38508 0. 39896 0. 40986 0. 42211 0 .432 
60 0.20289 0.20826 0 .22249 0. 24428 0.26443 0.28363 0.29929 0. 31141 0. 32189 0.33129 0. 33905 0. 34177 0. 34314 0 .343 
65 0.20289 0.20643 0 .21630 0. 23087 0.24442 0.25735 0.26852 0. 27669 0. 28091 0.28173 0. 28070 0. 27798 
- •  2739: Û • 26£ 
70 0.20289 0.20486 0, ,21099 0. 21977 0.22835 0.23591 0.24135 0. 24374 0. 24305 0.24033 0. 23468 0. 22529 0. 2152Û 0 .204 
75 0.20289 0.20350 0, .20656 0. 21085 0.21323 0.21528 0.21664 0. 21705 0. 21575 0.21221 0. 20398 0. 19383 0. 18246 0 • 17C 
80 0.20289 0.20227 0, .20302 0. 20350 0.20275 0.20098 0.19873 0. 19553 0. 19104 0.18362 0. 17402 0. 16333 J. 15230 0 • 14C 
85 0.2028? 0.20125 0. .20030 0. 19798 0.19417 0.18947 0.18369 0. 17701 0. 16946 0.16149 0. 15285 0. 143C4 13242 0 .121 
90 0.20289 0.20071 0, .19839 0. 19431 0.18920 0.183C7 0.17593 0. 16769 0. 15863 0.14890 0. 13862 0. 12793 0. 11751 0 .106 
95 0.20289 0.20044 0, ,19771 0. 19335 0.18845 0.18267 0.17647 0. 16953 0. 16136 0.15319 0. 14365 0. 13378 J. 12357 0 .120 
LOO 0.20289 0.20084 0. 19867 0. 19594 0.19199 0.18770 0.18301 0. 17729 0. 17055 0.16285 0. 1542 0. 14461 1344v 0 .124 
105 0.20289 0.20166 0.20030 0.19907 0.19676 0.19404 0.19104 0.18764 0.18341 0.17804 0.16946 0.15945 j.14985 
110 0.20289 0.20289 0.20255 0.20323 0.20357 0.20391 0.20364 0.20261 0.20030 0.19642 0.19124 0.185:5 j.17783 
115 0.20289 0.20438 0.20554 0.20806 0.21133 0.21473 0.21800 0.21997 0.22011 0.21909 0.21725 0.21460 0.21126 
120 0.20289 0.20609 0.20888 0.21385 0.22045 0.22808 0.23284 0.24101 0.24578 0.25327 0.25871 0.26144 0.26416 
125 0.20289 0.20792 0.21296 0.22018 0.23039 0.24374 0.25599 0.26756 0.27778 0.28867 0.30365 0.31726 0.32952 
130 0.20289 0.20997 0.21732 0.22719 0.24142 0.25871 0.27710 0.29888 0.32135 0.34314 0.36969 0.39488 3.42:75 
135 0.20289 0.21160 0.22154 0.23475 0.25327 0.27778 0.30773 0.33360 0.36356 0.39488 0.42620 0.46160 1.49836 
140 0.20289 0.21303 0.22549 0.24237 0.26552 0.29956 0.33973 0.38126 0.42688 0.47658 0.52832 0.58279 0.63861 
145 0.20289 0.21446 0.22951 0.24918 0.27669 0.32135 0.37105 0.42892 0.49156 0.55828 0.62908 0.70397 0.78:23 
150 0.20289 0.21569 0.23305 0.25558 0.28731 0.33769 0.39624 0.46637 0.54602 0.63317 0.72712 0.82652 0.93001 
155 0.20289 0.21684 0.23631 0.26116 0.29636 0.34994 0.41803 0.50381 0.59913 0.708C6 0.82788 0.95996 1.09749 
160 0.20289 0.21786 0.23911 0.26573 0.30433 0.36765 0.44662 0.54466 0.65632 0.78431 0.92184 1.07162 1.25408 
165 0.20289 0.21861 0.24128 0.26974 0.31066 0.38943 0.48611 0.60185 0.73665 0.88916 1.05528 1.23502 1.42293 
170 0.20289 0.21929 0.24312 0.27274 0.31556 0.40441 0.51539 0.64815 0.79929 0.94907 1.15604 1.35893 1.57271 
175 0.20289 0.21977 0.24421 0.27492 0.31897 0.41530 0.52832 0.66857 0.83197 1.01171 1.21323 • 1.43110 1.66394 
180 0.20289 0.21991 0.24455 0.27573 0.32067 0.41939 0.53785 0.68355 0.85103 1.03894 1.24795 1.47739 1.72113 
Figure 50 Reynolds number 20,000, | = 15.0 
SCHES(ANGULAR POSITION DEGREES; RADIAL POSITION, INCHES) 
IAL POSITION 
,96 1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2.03 
•23 2.03295 2. 31889 2  .61710 2. 93436 3 .26116 3. 54166 3.78403 3. 98964 4 .15985 4.29737 4.40222 4.47847 4.52U69 
162 2.C1661 2. 26987 2 .54357 2. 82679 3 .10046 3. 36737 3.61382 3. 62216 3 .99917 4.14623 4.26333 4.35456 4.41448 
.15 1.94989 2. 20315 2 .44689 2. 68245 2 .90849 3. 13180 3.34830 3. 55391 3 .73910 3.90386 4.04002 4.13261 4.18027 
.37 1.76606 1. 98529 2 .20179 2. 41149 2 .61437 2. 79820 2.96336 3. 16176 3 .33332 3.46991 3.62336 3.71186 3.73637 
63 1.55501 1. 74291 1 .92265 2. 10103 2 .27124 2. 42510 2.57468 2. 71650 2 .85538 2.98202 3.09095 3.15631 3.17401 
76 1.37118 1. 51416 1 .65032 1. 78649 1 .91312 2. 03295 2.14186 2. 25217 2  .35430 2.44625 2.52859 2.56169 2.59122 
98 1.19553 1. 31536 1 .42973 1. 53458 1 .63126 1. 71841 1.79738 1. 86274 1 .91176 1.94652 1.97576 1.98937 1.99346 
61 0.96813 1. 04575 1 .12200 1. 19669 1 .26634 1. 33170 1.39161 1. 44607 1 .49373 1.52914 1.55637 1.57271 1.57815 
5T> 0.79248 0. 84014 0 .88371 0. 92456 0 .96405 1. 00354 1.03894 1. 07298 I .10158 1.12881 1.14787 1.16285 1.17238 
64 0.65223 0. 67946 0 .70534 0. 72965 0 .75299 0. 77614 0.79793 0. 81563 0 .82925 0.83469 0.84286 0.84559 3.84695 
6. 0.54330 0. 55964 0 .57053 0. 58279 0 .58415 0. 58279 0.57598 0. 57326 0 .57189 0.57053 0.56917 0.56645 0.56645 
11 0.43301 0. 43845 0 .44390 0. 44662 0 .44254 0. 43573 0.42464 0. 41530 0 .40650 0.40033 0.39624 0.39624 0.39624 
14 0.34314 0. 34177 0 .34041 0. 33633 0 .32680 0. 31318 0.30093 0. 29003 0 .28050 0.27097 0.26144 0.25735 0.25599 
9.; G.26645 0. 26157 0 .25313 0. 24333 0 .23196 0. 21746 0.20575 0. 19594 0 .18804 0.18185 0.17736 0.17450 0.17347 
2Û 0.20466 0. 19322 0 .18178 0. 17021 0 .15877 0. 14606 0.13834 0. 12943 0 .12200 0.11567 0.11159 0.10893 0.10805 
46 0.17021 0. 15918 0 .14760 0. 13535 0 .12323 0. 11138 0.10015 0. 09021 0 .06238 0,07652 0.07256 0.07026 0.06972 
30 0.14086 0. 12902 0 .11683 0. 10498 0 .09368 0. 08292 0.07264 0. 06413 0 .05753 0.05256 0.04909 0.04752 0.04752 
42 0.12126 0. 10961 0 .09790 0. 08565 0 .07367 0. 06264 0.05310 0. 04500 0 .03653 0,03329 0.02941 0.02716 0.02642 
51 0.10662 0. 09559 0 .08497 0. 07421 0 .06420 0. 05528 0.04739 0. 04051 0 .03445 0.02968 0.02601 0.02356 0.02267 
57 0.12023 0. 10321 0 .09327 0. 08327 0 .07312 0. 06325 0.05365 0. 04500 0 .03717 030 30 0.02499 0.02519 0.02042 
4V 0.12411 0. 11349 0 .10342 0. 09395 0 .08442 0. 07496 0.06604 0. 05760 0 .04997 0.04316 0.03785 0.03445 0.03322 
95 0.14107 0. 13235 0 .12330 0. 11424 0 .10519 0. 09647 0.06783 0. 07993 0 .07285 D.06652 0.06141 0.05828 0.05705 
33 0.16993 0. 16170 0 .15339 0. 14502 0 .13657 0. 12647 0.12057 0. 11302 0 .10621 JP.10006 0.09484 0.09123 0.06939 
26 0.20745 0. 20302 0 .19819 0. 19308 0 .18736 0. 18130 0.17456 0. 16728 0 .15986 15366 0.14937 0.14692 0.14624 
L6 0.26552 0. 26668 0 .26666 0. 26416 0 .26144 0. 25871 0.25599 0. 25191 0 .24646 0.24374 0.23693 0.23148 0.23012 
V I  0.34177 0. 35131 0 .35675 0. 36084 0 .35948 0. 35539 0.35267 0. 34858 0 .34450 0.34314 0.34109 0.34041 0.34041 
T b  0.44118 0. 46160 0 .47726 0. 49019 0 .50245 0. 50449 0.50381 0. 49836 0 .49156 0.46615 0.48066 0.47794 0.47522 
Î6 0.52966 0. 56236 0 .59504 0. 62296 0 .64951 0. 67129 0.68491 0. 69036 0 .68314 0.67674 0.66993 0.66721 0.66721 
>1 0.69444 0. 75027 0 .79793 0. 83876 0 .67554 0. 90956 0.93001 0. 94431 0 .94499 0.94226 0.93818 0.93662 0.93546 
1 3  0.65648 0. 93682 1 .00698 1. 07571 1 .13153 1. 17919 1.21868 1. 24864 1 .27042 1.26266 1.29221 1.29493 1.29561 
31 1.03622 1. 14651 1 .24864 * 1. 33714 1 .41864 1. 49762 1.55092 1. 59722 1 .63603 1.66122 1.67892 1.68981 1.66961 
>9 1.24319 1. 39569 1 .55365 1. 69390 1 .61644 1. 91857 2.00299 2. 07243 2 .12282 2.16094 2.18545 2.20179 2.20588 
1.43246 1. 62173 1 .62461 2. 00980 2 .16273 2. 33523 2.46459 2. 56944 2 .65386 2.72194 2.77369 2.60909 2.83360 
>3 1.62445 1. 83623 2 .06154 2. 28621 2 .50136 2. 70969 2.90577 3. 07870 3 .21350 3.31971 3.40005 3.45723 3.47630 
N 1.60555 2. 05201 2 .30528 2. 55991 2 •60228 3. 04465 3.27614 3. 48991 3 .67646 3.83714 3.94607 4.01415 4.04275 
14 1.91993 2. 16545 2 .45778 2. 74645 3 .04602 3. 34149 3.61655 3. 66301 4 .06998 4.22929 4.33686 4.40356 4.42945 
.3 1.96665 2. 27532 2 .55991 2. 83904 3 .13044 3. 43545 3.73910 4. 02232 4 .28240 4*50162 4.67455 4.76212 4.82978 




0.00 0.08 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 . 0.96 1.04 
0 0.42988 0.45272 0.48966 0.54205 0.60855 0.69318 0.79595 0.92022 1.05791 1.20501 1.35950 1. .52742 1.69400 1 .86327 
9 0.42988 0.45238 0.48899 0.54044 0.60586 0.68875 0.78924 0.90947 1.04112 1.18217 1.33666 1. .49451 1.66042 1 .82431 
10 0.42988 0.45171 0.48657 0.53735 0.60049 0.68042 0.77715 0.88999 1.01828 1.15598 1.29569 1, .44682 1.59862 1 .75714 
15 0.42988 0.45097 0.48362 0.53325 0.59445 0.67236 0.76304 0.86782 0.98067 1.10493 1.23860 1. ,37361 1.51466 1 .65504 
20 0.42988 0.44976 0.47972 0.32808 0.58437 0.65557 0.74893 0.83357 0.94305 1.04918 1.16337 1, ,28629 1.41659 1 .54354 
25 0.42988 0.44842 0.47515 0.52190 0.57362 0.63475 0.70527 0.78856 0.88059 0.97932 1.08814 1. ,19695 1.30308 1 .40921 
30 0.42988 0.44667 0.47032 0.51451 0.55750 0.60855 0.66833 0.73617 0.80939 0.88797 0.97395 1, 05791 1.14187 1 .22785 
35 0.42988 0.44479 0.46548 0.50605 0.54138 0.58303 0.63139 0.68512 0.74423 0.80737 0.87320 0. .94238 1.01157 1 .08142 
40 0.42988 0.44291 0.46051 0.49598 0.52526 0.55952 0.59915 0.64146 0.68647 0.73483 0.78453 0. 83558 0.88663 0 .94037 
45 0.42988 0.44083 0.45541 0.48375 0.50780 0.53467 0.56422 0.59646 0.63005 0.66632 0.70259 0. ,74020 0.77782 0 .81610 
50 0.42988 0.43848 0.45057 0.47153 0.49228 0.50780 0.52661 0.54541 0.56959 0.59310 0.61997 0. ,64617 0.67303 0 .69990 
55 0.42988 0.43646 0.44587 0.45984 0.47287 0.48362 0.49436 0.50444 0.51720 0.53064 0.54541 0. 56422 0.58166 0 .59915 
60 0.42988 0.43458 0.44103 0.44950 0.45944 0.46884 0.47905 0.48966 0.50041. 0.51169 0.51868 0. ,52378 0.52701 0 .52835 
65 0.42988 0.43284 0.43620 0.44076 0.44493 0.44721 0.44815 0.44788 0.44708 0.44533 0.44318 0. 43996 0.43606 0 .43123 
70 0.42988 0.43123 0.43203 0.43311 0.43230 0.42934 0.42491 0.41913 0.41215 0.40436 0.39616 0. 38689 0.37762 0 .36755 
75 0.42988 0.42988 0.42840 0.42666 0.42357 0.41913 0.41242 0.40248 0.39119 0.37977 0.36768 0. 35425 0.34082 0 .32711 
80 0.42988 0.42894 0.42545 0.42128 0.41443 0.40624 0.39657 0.38501 0.37265 0.35909 0.34458 0. 32940 0.31341 0 .29689 
85 0.42988 0.42834 0.42343 0.41725 0.40839 0.39791 0.38542 0.37124 0.35506 0.33880 0.32295 0. 30629 0.28950 0 .27284 
90 0.42988 0.42773 0.42209 0.41470 0.40449 0.39240 0.37749 0.36070 0.34323 0.32577 0.30857 0. 29111 0.27405 0 .25766 
95 0.42988 0.42787 0.42276 0.41443 0.40234 0.38662 0.36997 0.35304 0.33625 0.31959 0.30307 0. 28708 0.27163 0 .25659 
100 0.42988 0.42827 0.42424 0.41672 0.40812 0.39764 0.38542 0.37131 0.35640 0.33988 0.32375 0. 30777 0.29219 0 .27674 
105 0.42988 0.42901 0.42612 0.42048 0.41443 0.40651 0.39683 0.38662 0.37534 0.36312 0.34861 0. 33383 0.31892 0 .3C401 
110 0.42988 0.42988 0.42840 0.42545 0.42128 0.41551 0.40852 0.40033 0.39106 0.38098 0.36970 0. 35828 0.346 73 0 .33558 
115 0.42988 0.43069 0.43096 0.43123 0.43015 0.42840 0.42585 0.42276 0.41913 0.41524 0.41000 0. 40342 0.395C9 0 .38448 
120 0.42988 0.43163 0.43431 0.43727 0.43996 0.44318 0.44748 0.45138 0.45406 0.45514 0.45500 0. 45326 0.45111 0 .44896 
125 0.42988 0.43284 0.43767 0.44358 0.45030 0.45782 0.46629 0.47502 0.48348 0.49168 0.49987 0. 50834 Ù.6168J 0 .52499 
130 0.42988 0.43418 0.44157 0.45084 0.46078 0.47287 0.48630 0.50108 0.51720 0.53668 0.55482 0. 57295 0.59109 0 .60989 
135 0.42988 0.43606 0.44520 0.45863 0.47690 0.49571 0.51720 0.54138 0.56825 0.59915 0.63139 0. 66497 0.69654 0 .72878 
140 0.42988 0.43787 0.44950 0.46709 0.49168 0.52056 0.55213 0.58840 0.62736 0.66900 0.71199 0. 75632 0.80267 0 .84767 
145 0.42988 0.43976 0.45420 0.47623 0.50310 0.53735 0.57765 0.62199 0.67303 0.72408 0.77715 0. 83290 0.88797 0 .94440 
150 0.42988 0.44197 0.45903 0.48536 0.51854 0.55885 0.60586 0.65826 0.71602 0.78050 0.85305 0. 92357 1.00216 1 .07873 
155 0.42988 0.44452 0.46441 0.49544 0.53467 0.58303 0.63945 0.70393 0.76935 0.84297 0.92290 1. 01022 1.10493 1 .20636 
160 0.42988 0.44647 0.47018 0.50645 0.55213 0.60452 0.66968 0.74289 0.82081 0.90678 1.00216 1. 10829 1.22583 1, .35010 
165 0.42988 0.44842 0.47596 0.51451 0.56153 0.61661 0.68647 0.76573 0.86245 0.96589 1.07873 1. 20233 1.33801 1. ,48578 
170 0.42988 0.44976 0.47972 0.52056 0.56825 0.62763 0.69721 0.79125 0.89469 1.01157 1.13784 1. 27352 1.42398 1, .58519 
175 0.42988 0.45057 0.48254 0.52499 0.57335 0.63421 0.71132 0.81275 0.92156 1.04649 1.17949 1. 31786 1.47772 1, .63758 
180 0.42988 0.45138 0.48375 0.52768 0.57497 0.63542 0.71602 0.82148 0.93365 1.05724 1.19427 1. 34472 1.49787 I .  ,65639 
Figure 51 Reynolds number 20,000, | = 19.5 
R POSITION, DEGREES y RADIAL POSITION, 
N 
INCHES) 
4 1.12 1.20 
7 2.03388 2.19777 
1 1.98619 2.14536 
4 1.91969 2.07687 
4 1.79341 1.92708 
4 1.66848 1.79207 
1 1.50996 1.60400 
5 1.30980 1.39040 
2 1.15195 1.21979 
7 0.99141 1.03776 
0 0.85439 0.88797 
0 0.73080 0.75565 
5 0.61796 0.63475 
5 0.52835 0.52701 
3 0.42585 0.41994 
5 0.35747 0.34713 
1 0.31314 0.29917 
9 0.28117 0.26491 
4 0.25672 0.24181 
6 0.24221 0.22676 
9 0.24208 0.22837 
4 0.26196 0.24759 
1 0.28936 0.27499 
8 0.32429 0.31328 
8 0.37346 0.36365 
6 0.44708 0.44506 
9 0.53305 0.54111 
9 0.62803 0.64617 
8 0.76103 0.79125 
7 0.89200 0.93701 
0 1.00216 1.05993 
3 1.15934 1.24126 
6 1.30980 1.41995 
3 1.48041 1.61071 
3 1.64295 1.79341 
9  1.76655 1.94253 
3 U81021 1.98552 































































































































































































2GG NORMALIZED CONCENTRATIONS AT AXIAL DISTANCE 51 INCHES (ANGU 
RADIAL POSIT I 
ANGULAR 
POSITION 
0.00 0.08 0.16 0.2* 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0.96 1. 
0 0.60819 0.65001 0.70880 0.77323 0.84219 0.91680 0.99480 1.07959 1.17002 1.26611 1.36107 1.46055 1.56455 1.675 
5 0.60819 0.64933 0.70574 0.76532 0.83202 0.90437 0.98350 1.06489 1.15307 1.24689 1.34298 1.44133 1.54307 1.644 
10 0.60819 0.64741 0.70088 0.75741 0.82241 0.89193 0.96880 1.C4793 1.13046 1.21976 1.31246 1.40742 1.5052. 1.595 
15 0.60819 0.64515 0.69387 0.74723 0.80715 0.87384 0.94619 1.02080 1.10107 1.18472 1.27063 1.35881 1.45942 1.532 
20 0.60819 0.64244 0.68325 0.73593 0.79358 0.85576 0.92019 0.99141 1.06602 1.14515 1.23107 1.30455 1.38:85 1.453 
25 0.60819 0.63893 0.67262 0.71671 0.76758 0.82297 0.88741 0.95524 1.02419 1.09428 1.16437 1.23333 1.30003 1.361< 
30 0.60819 0.63464 0.66279 0.69862 0.74102 0.78849 0.84106 0.89702 0.95524 1.01628 1.07789 1.14289 1.20194 1.2671 
35 0.60819 0.62989 0.65340 0.68393 0.71897 0.75910 0.80036 0.84502 0.89193 0.93941 0.99028 1.04567 1.09767 1.1441 
40 0.60819 0.62446 0.64436 0.66923 0.69862 0.73141 0.76702 0.80376 0.83654 0.88289 0.92528 0.96654 1.00498 1.0421 
45 0.60819 0.61983 0.63588 0.65454 0.67658 0.70201 0.72575 0.76306 0.79302 0.82410 C.85350 0.88063 ..90663 0.9311 
50 0.60819 0.61553 0.62797 0.63984 0.65567 0.67262 0.69184 0.71219 0.73423 0.75628 0.77549 0.79471 U.81393 0.829' 
55 0.60819 0.61214 0.62107 0.62853 0.64210 0.65454 0.66980 0.68619 0.70314 0.71784 0.72915 0.73819 0.74(,10 0.751" 
60 0.60819 0.60966 0.61440 0.61723 0.62175 0.62797 0.63419 0.63984 0.64436 0.64888 0.65227 0.65499 0.65657 0.656' 
65 0.60819 0.60762 0.60875 0.60841 0.60819 0.60762 0.60649 0.60536 0.60366 0.60140 0.59869 0.59519 ..59:44 0.584' 
70 0.60819 0.60626 0.60389 0.60253 0.59971 0.59575 0.58897 0.58332 0.57540 0.56636 0.55619 0.54488 j . 53301 0.520! 
75 0.60819 0.60525 0.59971 0.59406 0.58727 0.57936 0.56975 0.55901 0.54793 0.53584 0.52340 0.50927 -.49356 0.477C 
80 0.60819 0.60412 0.59654 0.58897 0.57879 0.56749 0.55505 0.54126 0.52736 0.51187 C.49616 0.>7875 0.46123 0.4431 
85 0.60819 0.60389 0.59406 0.58558 0.57484 0.56184 0.54669 0.52996 0.51266 0.49424 0.47592 0.45670 0.43005 0.418: 
90 0.60819 • 0.60366 0.59247 0.58106 0.56749 0.55279 0.53697 0.52001 0.50238 0.48384 0.46518 0.44608 0.42731 0.4081 
95 0.60819 0.60366 0.59259 0.58388 0.57235 0.55901 0.54465 0.52905 0.51244 0.49661 3.47931 0.45931 .,.43862 0.4163 
100 0.60819 0.60378 0.59406 0.58727 0.57710 0.56523 0.55166 0.53663 0.52069 0.50418 0.48757 0.46880 0.45015 0.4309 
105 0.60819 0.60389 0.59598 0.58987 0.58219 0.57258 0.56184 0.54974 0.53652 0.52284 0.50893 0.49288 0.47479 0.4553 
110 0.60819 0.60400 0.59892 0.59496 0.58919 0.58286 0.57619 0.56885 0.56014 0.55031 0.53923 0.52623 3.51255 0.4971 
115 0.60819 0.60502 0.60197 0.60174 0.60197 0.60231 0.60310 0.60095 0.59756 0.59236 0.58648 0.57846 0.56828 0.5573 
120 0.60819 0.60593 0.60593 0.60841 0.61248 0.61644 0.62096 0.62560 0.63023 0.63340 0.63407 0.63260 0.62653 0.6214 
125 0.60819 0.60728 0.61045 0.61791 0.62797 0.63984 0.65363 0.66787 0.68280 0.69636 0.70495 0.70993 0.71253 0.7125 
130 0.60819 0.60909 0.61542 0.61949 0.63080 0.64662 0.66358 0.68280 0.70428 0.72801 0.74780 0.76532 0.77719 0.7862 
135 0.60819 0.61124 0.62096 0.63080 0.64775 0.66584 0.68732 0.70993 0.73593 0.76589 3.79471 0.82071 0.84445 0.8648 
140 0.60819 0.61418 0.62695 0.64323 0.66471 0.69071 0.72180 0.75854 0.79923 0.83936 0.87724 0.91171 0.94393 0.9727 
145 0.60619 0.61746 0.63306 0.65114 0.67941 0.71049 0.75119 0.79471 0.84219 0.89193 0.93941 0.98463 1.C2646 1.0654 
150 0.60819 0.62119 0.63984 0.66471 0.69749 0.73593 0.78002 0.82863 0.88176 0.93658 0.99367 1.05020 1.10502 1.1581 
155 0.60819 0.62514 0.64662 0.67545 0.71219 0.75515 0.80376 0.85915 0.91737 0.98124 1.04850 1.11802 1.18698 1.2536 
160 0.60819 0.62853 0.65340 0.68562 0.72801 0.77662 0.83428 0.90324 0.97502 1.05246 1.13046 1.20959 1.28985 1.3650 
165 0.60819 0.63125 0.66019 0.69523 0.73932 0.79415 0.85915 0.93319 1.01459 1.10107 1.17907 1.27177 1.36164 1.44861 
170 0.60819 0.63328 0.66618 0.70145 0.74836 0.80715 0.87497 0.94958 1.03493 1.12198 1.21581 1.31303 1.41307 1.50911 
175 0.60819 0.63453 0.66991 0.68133 0.75854 0.82184 0.89306 0.96767 1.05811 1.14741 1.24576 1.34864 1.45377 1.5532! 
180 0.60819 0.63532 0.67149 0.68201 0.76984 0.83654 0.90550 0.98802 1.07393 1.16324 1.27177 1.38481 1.49786 1.59961 
Figure 52. Reynolds number 20,000, £ « 25.5 
:HBS(ANGULAR POSITION, DEGREES; RADIAL POSITION, INCHES) 
iL POSITION 
t b  1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.6C 1.68 1.76 1.84 1.92 2.00 
>5 1 .67534 1.79291 1 .90482 2. ,00543 2.09587 2.17952 2.25752 2, 32987 2.39996 2.46553 2. ,51640 2. 55144 2. 56953 
)7 I .64482 1.74995 1 .85056 1, .94665 2.03822 2.12752 2.20665 2. .28070 2.34909 2.40448 2. .44575 2. 47570 2. 48927 
1 .59508. 1.68438 1 .77595 1, ,86412 1.95117 2.03369 2.11283 2. .18857 2.25865 2.31631 2. ,36040 2. 39318 2. 41240 
< 2  1 .53290 1.61655 I .69908 1. .77821 1.85282 1.92291 1.98791 2. .05178 2.10604 2.15239 2. 18970 2. 21739 2. 23492 
15 1 .45377 1.52725 1 .59790 1. ,66629 1.73186 1.794U4 1.85508 1, .91160 1.96417 2.00656 2. ,03822 2. 05969 2. 06648 
-3 1 .36107 1.42099 1 .48090 1. 53968 1.59677 1.65273 1.70925 1. 76069 1.61099 1.85169 1. 88221 1. 90200 1. 90821 
4 1 .26724 1.32264 1 .37464 1. 42268 1.46960 1.51199 1.55212 1. 59055 1.62447" 1.65273 1. 67647 1. 69286 1. 69851 
7 1 .14402 1.19037 1 .23559 1. 27742 1.31585 1.35259 1.38481 1. 41533 1.44133 1.46394 1. 48090 1. 49220 1. 49673 
8 1 .04285 1.07733 1 .10954 1. 13894 1.16550 1.19.150 1.21637 1. 23785 1.25650 1.27177 1. 28420 1. 29098 1. 29324 
S  C .93150 0.95637 0 .97898 0. 99989 1.01967 1.03606 1.04906 1. 05924 1.06469 1.06546 1. 06489 1. 06433 1. 06433 
3 0 .82976 0.84445 0 .85689 0. 87045 0.88176 0.89080 0.89871 0. 90211 0.90324 0.89928 0. 89532 0. 89419 0. 89419 
j 0 .75175 0.75628 0 .75854 0. 76136 0.76306 0.76193 0.76080 0. 75741 0.75288 0.74780 0. 74497 0. 74215 0. 74215 
7 0 •65646 0.65533 0 .65318 0. 65001 0.64617 0.64165 0.63645 0. 63023 0.62469 0.62062 0. 61768 0. 61610 Û. 61610 
4 0 .58445 0.57710 0 .56862 0. 55980 0.54997 0.54036 0.53075 0. 52227 0.51436 0.50339 0. 50305 0. 49966 0. 49853 
1 0 .52058 0.50701 0 .49401 0. 48158 0.46971 0.45897 0.44879 0. 4:;975 0.43251 0.42675 0. 42279 0. 41997 0. 41917 
b 0 .47705 0.45840 0 .44088 0. 42449 0.40923 0.39566 0.38379 0. 37362 0.36548 0.35971 0. 35643 0. 35462 0. 35406 
3 0 .44314 0.42437 0 .40470 0. 38605 0.36909 0.35270 0.33914 0. 32783 0.31822 0.31155 0. 30771 0. 30568 0. 30522 
5 c .41827 0.39984 0 .38096 0. 36220 0.34558 0.32896 0.31427 0. 30183 0.29166 0.28442 0. 28035 0. 27809 0. 27753 
1 0 .40810 0.38944 0 .37079 0. 35327 0.33631 0.32046 0.30579 0. 29279 0.28261 0.27583 0. 27188 0. 26961 0. 26905 
2 0 .41635 0.39453 o. .37418 0. 35519 0.33801 0.32275 0.30975 0. 29089 0.29053 0.28454 0. 28035 0. 27753 0. 27583 
3 0 .43093 0.40900 0, .39170 0. 37418 0.35779 0.34321 0.33009 0. 31902 0.30997 0.30364 0. 29869 0. 29(16 0. 29584 
9 0 .45535 0.43523 0, .41601 0. 39871 0.38289 0.36887 0.35722 0. 34795 0.34027 0.33439 0. 33077 0. 32930 0. 32874 
5 0 .49718 0.48078 0, .46394 0. 44687 0.43161 0.41635 0.40583 0. 39543 0.38707 0.38063 0. 37622 0. 37364 0. 37305 
0 .55732 0. 54545 0 .53222 0. 51639 0 .50023 0. 46497 0. 47140 0. 45897 0 .44823 0. 43896 0. 43163 0. 42731 0. 42505 
0 .62141 0. 61045 0 .59733 0. 58411 0 .57201 0. 56071 0. 55031 0. 54126 0 .53335 0. 52679 0. 52182 0. 51888 0. 51809 
0 .71253 0. 70993 0 .70484 0. 69636 0 .68110 0. 66584 0. 65397 0. 64436 0 .63645 0. 63046 0. 62627 0. 62356 0. 62232 
0 .78623 0. 79132 0 .79302 0. 78962 0 .78341 0. 77549 0. 76758 0. 76193 0 .75571 0. 75175 0. 74893 0. 74780 0. 74746 
0 .86480 0. 86176 0 .89419 0. 90324 0 .90832 0. 91002 0. 90923 0. 90437 0 .89984 0. 89532 0. 89306 0. 89137 0. 89080 
0 .97276 0. 99706 1 .01798 1. 03437 1 .04567 1. 05246 1. 05811 1. 06263 1 .06715 1. 07054 1. 07393 1. 07676 1. 07846 
1 .06546 1. 10220 1 .13611 1. 16663 I .19489 1. 21976 1. 24294 1. 26385 1 .26194 1. 29720 1. 30681 1. 31303 1. 31696 
1 .15815 1. 20733 1 .25366 1. 29777 1 .33959 1. 37746 1. 41194 1. 44246 1 .47073 1. 49560 1. 51481 1. 52951 1. 53742 
1 .25368 1. 31811 1 .38085 1. 44246 1 .49642 1. 55042 1. 59677 1. 63803 1 .67308 1. 70303 1. 72508 1. 73977 1. 74373 
1 .36503 1. 44020 1 .51481 1. 58547 1 .65216 1. 71264 1. 76917 1. 82173 1 .86978 1. 91443 1. 94891 1. 97095 1. 98282 
1 .44866 1. 53742 1 .62277 1. 70699 1 .78725 1. 66017 1. 92517 1. 98565 2 .04161 2. 09417 2. 13204 2. 15804 2. 17048 
1 .50916 1. 60242 1 .69343 1. 78725 1 .87882 1. 96587 2. 04726 2. 11961 2 .17896 2. 22644 2. 26374 2. 29031 2. 30161 
1 .55325 1. 65047 1 .75334 1. 85678 I .95569 2. 04895 2. 13374 2. 20213 2 .25979 2. 30726 2. 34118 2. 36435 2. 37227 
1 .59960 1. 70021 1 .80308 1. 90030 i .99865 2. 09135 2. 17896 2. 25526 2 .31913 2. 37114 2. 41014 2. 43727 2. 45027 
186 




0.00 0.06 0.16 0.24 0.32 0.40 0.48 0.56 0.64 0.72 0.80 0.88 0.96 1.0' 
0 0.87012 0.87521 0*86551 0.90089 0.92318 0.95183 0.98525 1.02504 1.06813 1.10993 1.15026 1 .18846 I .22560 1.2680' 
5 0.87012 0.87511 0.88519 0.89983 0.92212 0.94917 0.96260 1.02080 1.06324 1.10357 1.14230 1 .17785 I .21339 1.24621 
10 0.87012 0.87490 0.88455 0.89930 0.92105 0.94737 0.97836 1.01602 1.05688 1.09826 1.13646 1, .17360 1 .20862 1.2415 
IS 0.87012 0.87463 0.68360 0.89877 0.91840 0.94228 0.97199 1.00701 1.04414 1.08341 1.12161 1, .16034 I .1948,; 1.2271' 
20 0.67012 0.87437 0.88243 0.89622 0.91437 0.93729 0.96392 0.99395 1.02823 1.06431 1.10145 1 .13658 I .17413 1.2054-
25 0.87012 3.87394 0.88084 0.89347 0.90938 0.92848 0.95077 0.97623 1.00488 1.03619 1.06855 1. .11,272 1 .1354Û 1.16831 
30 0.87012 0.87352 0.67903 0.88975 0.90302 0.91893 0.93835 0.96032 0.98684 1.01380 1.04361 1. .07439 1 .10516 1.1359: 
35 0.87012 0.87309 0.87758 0.88710 0.89877 0.91363 0.93060 0.94917 0.96934 0.99163 1.01549 1. .03990 I. » 36431 I.C897! 
40 0.87012 0.87256 0.87617 0.68392 0.89347 0.90514 0.91893 0.93379 0.95077 0.96827 5.98759 1, .00754 1, .12dC2 1.0452: 
45 0.87012 0.87198 0.87482 0.88073 0.86764 0.89644 0.90673 0.91787 0.92848 0.93962 0.95077 0, .96244 .97411 0.98511 
50 0.87012 0.87139 0.87362 0.87776 0.88222 0.88742 0.89293 0.89877 0.90482 0.91108 0.91601 0. .92318 .92891 0.9344; 
55 0.87012 0.87076 0.87246 0.87511 0.87734 0.87967 0.88158 0.88317 0.86583 0.88604 0.88720 0. .88848 .88975 0.8910; 
60 0.67012 0.67023 0.87145 0.87426 0.87543 0.87606 0.87532 0.87352 0.87116 0.86821 0.86513 0, .86153 .8576: 3.6536 
65 0.87012 0.86960 0.87049 0.87224 0.87171 0.67001 0.86588 0.86057 0.85473 0.84826 0.84136 0. .83362 Û. > 82555 0.61691 
70 0.87012 0.86946 0.86959 0.66927 0.86704 0.86259 0.85580 0.84709 0.83744 0.82725 0.81675 0. 8:592 
- •  
,7949* 0.7840< 
75 0.67012 0.86927 0.86887 0.86747 0.86407 0.85887 0.85155 0.84168 C.63001 0.81632 0.80072 0. 78661 , Z7?29 0.75811 
80 0.87012 0.86912 0.86821 0,86609 0.86269 0.85717 0.84869 0.83638 0.82014 0.80338 0.78693 0. 77059 
-
,75435 0.7387Î 
85 0.87012 0.86908 0.86766 0.86492 0*86036 0.85335 0.84306 0.83001 0.81388 0.79521 0.77727 0. 75966 ,74215 0.72501 
90 0*87012 0.86909 0.86726 0.86354 0.85792 0.84900 0.83754 0.82248 0.80401 0.78173 0.76178 0. 74204 7239c C.7C734 
95 0.67012 0.86913 0.86726 0.86163 0.85420 0.64593 0.83585 0.82322 0.80879 0.79213 0.77547 0. 75870 74226 0.72612 
100 0.87012 0.86927 0.66747 0.86322 0.85739 0.84890 0.83914 0.82693 0.61197 0.79669 0.78152 0. 76507 74905 0.73281 
105 0.67012 0.86946 0.66805 0.86535 0.85983 0.85282 0.84359 0.83245 0.82046 0.80783 0.79393 0. 77939 76454 v.75074 
110 0.87012 0.86973 0.86885 0.86800 0.86535 0.86057 0.85505 0.84678 0.83670 0.82534 0.81282 0. 79987 78725 0.77504 
115 0.87012 0.87007 0.86980 0.86959 0.86938 0.66864 0.86662 0.86375 0.65993 0.85452 0.84709 0. 83629 j. 82821 0.8170* 
120 0.87012 0.87049 0.87097 0.87330 0.87437 0.87468 0.87437 0.87330 0.87203 0.86980 0.86694 0. 86312 0. 858:2 0.85261 
125 0.87012 0.87102 0.87224 0.87596 0.88020 0.68455 0.88943 0.89315 0.89601 0.89803 0.89856 0. 89771 0. 89612 0.89292 
130 0.67012 0.87161 0.87362 0.87861 0.86445 0.89081 0.89603 0.90535 0.91203 0.91808 0.92360 0. 92795 0. 93167 0.9337S 
135 0.87012 0.87224 0.87521 0.88179 0.88922 0.89771 0.90726 0.91787 0.92880 0.93909 0.94917 0. 95862 0. 96668 0.97454 
140 0.87012 0.87295 0.87661 0.88307 0.89187 0.90302 0.91575 0.93167 0*94652 0.96138 0.97570 0. 99003 1. 00329 1.01671 
145 0.87012 0.87373 0.87824 0*68604 0.89665 0.91150 0.92742 0.94652 0.96562 0.98472 1.00329 1. 02207 1. 04054 1.0590C 
150 0.87012 0.67456 0.87935 0.68616 0.90089 0.91787 0.93803 0*95619 0.97942 1.00170 1.02504 1. 04945 1. 07386 1 .C 987*5 
155 0*87012 0.87535 0*86052 0.69028 0*90514 0.92318 0.94652 0.96881 0.9,9480 1.02060 1.04712 1. 07449 1. 10314 1.1327! 
160 0.87012 0*67592 0.68126 0.69209 0*90832 0.92848 0.95501 0.97836 1.01274 1.04308 1.07492 1. 10781 1. 14071 1.1736C 
165 0*87012 0.67634 0.88201 0.89366 0.91108 0.93273 0.96170 0.98684 1.02133 1.05136 1.08659 1. 12267 1. 15981 1.1950S 
170 0*87012 0.87659 0.66264 0.89495 0*91341 0.93591 0.96658 0.99427 1.02929 1.06431 1.09932 1. 13646 1. 17572 1.21495 
175 0.67012 0.87661 0.88285 0.89601 0.91532 0.93824 0.96987 1.00064 1.03619 1.07333 1.11100 1. 15397 1. 19376 1.23302 
ISO 0.87012 0*87691 0.68296 0*89665 0*91661 0.94015 0.97199 1.00594 1.04202 1.08126 1*12055 1. 16087 1. 20119 1.24151 
Figure 53. Reynolds number 20,000, | * 37.0 
ES(ANGULAR POSITION, DEGREES? RADIAL POSITION, INCHES) 
POSITION 
1.04 1.12 1.20 1.28 1.36 1.44 1.52 1.60 1.68 1.76 1.84 1.92 2. 0 0  
1.26804 1.29881 1.33489 1.36991 1.40599 1.44100 1.47549 1.49618 1.53714 1.56250 1.58160 1.59221 1.59646 
1.24820 1.28184 1.31579 1.35293 1.39219 1.42615 1.46223 1.49427 1.52345 1.54839 1.57237 1.58129 1.58574 
1.24151 1.27335 1.30624 1.33914 1.37309 1.40705 1.44207 1.47390 1.50255 1.52696 1.54924 1.55985 1.56303 
1.22719 1.25743 1.28714 1.31643 1.34656 1.37522 1.40387 1.43145 1.46117 1.48716 1.51104 1.52908 1.53651 
1.20544 1.23377 1.26061 1.28767 1.31441 1.34020 1.36566 1.39219 1.41660 1.43782 1.45745 1.46965 1.47496 
1.16830 1.19801 1.22560 1.25319 1.27865 1.30147 1.32269 1.34052 1.35611 1.36865 1.37840 1.38477 1.38689 
1.13593 1.16320 1.18846 1.21074 1.23090 1.24682 1.25955 1,27271 1.28820 1.30094 1.31017 1.31579 1.31685 
I.08977 1.11100 1.12903 1.14421 1.15662 1.16989 1.18474 1.20331 1.22029 1.23239 1.24045 1.24576 1.24735 
1.04521 1.06112 1.07598 1.08818 1.09932 I.11100 1.12108 1.13116 1.14124 1.14973 1.15662 1.16034 1.16140 
0.98515 0.99639 1.00701 1.01719 1.02749 1.03672 1.04627 1.05518 1.06250 1.06855 1.07343 1.07598 1.07640 
0.93442 0.94037 0.94567 0.95108 0.95639 0.96106 0.96562 0.96987 0.97305 0.97655 0.97889 0.98048 0.98143 
0.89102 0.89240 0.89368 0.89484 0.89622 0.89739 0.89856 0.89951 0.90026 0.90111 0.90164 0.90185 0.90195 
3.65367 0.84932 0.84465 0.84020 0.63500 0.83054 0.82683 0.82386 0.82205 0.82120 0.82205 0.82237 0.62237 
0.81696 0.80804 0.79956 0.79149 0.78428 0.77812 0.77292 0.76878 0.76613 0.76475 0.76401 0.76369 0.76358 
0.78406 0.77324 0.76284 0.75297 0.74417 0.73610 0.72878 0.72231 0.71700 0.71244 0.70957 0.70787 0.70777 
0.75817 0.74480 0.73217 0.72050 C.70968 0.69981 0.69079 0.68273 0.67594 0.67031 0.66607 0.66320 0.66235 
0.73875 0.72379 0.70968 0.69684 0.68442 0.67307 0.66246 0.65280 0.64442 0.63752 0.63200 0.62818 0.62606 
0.72507 0.70872 0.69387 0.68092 0.66851 0.65737 0-64697 0.63773 0.62967 0.62277 0.61736 0.61354 0.61184 
C.7C734 0.69238 0.67922 0.66723 0.65609 0.64569 0.63614 0.62765 0.62044 0.61397 0.60887 0.60537 0.60420 
0.72613 0.71032 0.69482 0.67944 0.66596 0.65312 0.64113 0.63094 0.62182 0.61460 0.60867 0.60558 0.60516 
0.73281 0.71679 0.70268 0.68941 0.67774 0.66713 0.65821 0.65079 0.64495 0.64049 0.63763 0.63636 0.63614 
0.75074 0.73822 0.72602 0.71466 0.70490 0.69578 0.68793 0.68071 0.67551 0.67190 0.70108 0.66851 0.66819 
0.77504 0.76295 0.75234 0.74236 0.73398 0.72719 0.72178 0.71838 0.71605 0.71435 0.71329 0.71307 0.71297 
0.81706 0.60677 0.79765 0.76905 0.78141 0.77504 0.77048 0.76825 0.76772 0.76857 0.77038 0.77197 0.77250 
0.85261 0.84656 0.84041 0.83510 0.83107 0.82852 0.62768 0.82799 0.82895 0.83086 0.83404 0.63670 0.83892 
0.89293 0.89071 0.68922 0.88856 0.88784 0.86637 0.88922 0.89028 0.89177 0.69347 0.89516 0.89771 0.89824 
0.93379 0.93570 0.93771 0.94015 0.94281 0.94546 0.94611 0.95130 0.95416 0.95713 0.95979 0.96244 0.96350 
0.97454 0.98069 0.98791 0.99501 1.00170 1.00838 1.01496 1.02122 1.02664 1.03141 1.03513 1,03725 1.03778 
1.01677 1.02971 1.04234 1.05444 1.06590 1.07672 1.08691 1.09614 1.10420 1.11100 1.11577 1.11917 1.12055 
1.05900 1.07683 1.09402 1.11068 1.12670 1.14198 1.15694 1.17148 1.18421 1.19344 1.20013 1.20363 1.20437 
1.C9879 1.12267 1.14495 1.16723 1.18952 1.21127 1.23090 1.24714 1.26061 1.27122 1.27665 1.28322 1.28449 
1.13275 1.16193 1.19005 1.21617 1.24364 1.26857 1.29351 1.31494 1.33224 1.34582 1.35558 1.36164 1.36407 
1.17360 1.20650 1.23833 1.26963 1.30041 1.33065 1.35686 1.37734 1.39366 1.40631 1.41511 1.41999 1.42137 
1.19589 1.23196 1.26762 1.30306 1.33489 1.36460 1.39166 1.41607 1.43464 1.44843 1.45851 1*46435 1.46647 
1.21499 1.25319 1.29033 1.32640 1.36036 1.39219 1.42297 1.45055 1.47496 1.49300 1.50679 1.51528 1.51847 
1.23302 1.27016 1.30836 1.34550 1.38156 1.41342 1.44419 1.47390 1.50149 1.52271 1.53651 1.54606 1.54924 
1.24151 1.28184 1.32110 1.35930 1.39538 1.42933 1.46010 1.48982 1.51847 1.53969 1*55348 1.56303 1.56622 
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Table 49. Normalized velocities, v =» u/uav 
n 
Reynolds number 
5,000 10,000 20,000 
0.00 1.3019 1.2657 1.2489 
0.04 1.2939 1.2617 1.2458 
0.08 1.2889 1.2557 1.2440 
0.12 1.2830 1.2492 1.2388 
0.16 1.2770 1.2437 1.2339 
0.20 1.2720 1.2368 1.2279 
0.24 1.2650 1.2288 1.2208 
0.28 1.2570 1.2208 1.2130 
0.32 1.2490 1.2119 1.2030 
0.36 1.2371 1.2029 1.1919 
0.40 1.2246 1.1929 1.1811 
0.44 1.2121 1.1810 1.1680 
0.48 1.1987 1.1685 1.1541 
0.52 1.1842 1.1541 1.1391 
0.56 1.1682 1.1391 1.1223 
0.60 1.1513 1.1237 1.1052 
0.64 1.1313 1.1052 1.0863 
0.68 1*1074 1.0843 1.0664 
0.72 1.0814 1.0624 1.0416 
0.80 1.0126 1.0016 0.9889 
0.84 0.9647 0.9597 0.9529 
0.88 0.8979 0.9019 0.9030 
0.92 0.7662 0.8052 0.8302 
0.96 0.4918 0.6089 0.6747 
1.00 0.0000 0.0000 0.0000 
Average velocity ft/min 
11.43 22.86 45.72 
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Table 50. Ratios of turbulent to molecular momentum dif 
fusivity3 
Reynolds number 
T| 5,000 10,000 20,000 
0.20 9.40 20.2 36.0 
0.24 11.05 22.75 39.95 
0.28 12.40 24.75 43.20 
0.32 12.45 26.35 45.95 
0.36 14.25 27.50 48.20 
0.40 14.85 28.30 50.00 
0.44 15.30 28.60 51.05 
0.48 15.60 28.75 51.70 
0.52 15.75 28.65 51.70 
0.56 15.65 28.35 51.40 
0.60 15.30 27.8 50.50 
0.64 14.80 27.05 49.10 
0.68 14.06 26.00 46.60 
0.72 13.20 24.75 43.80 
0.76 12.00 23.10 40.40 
0.80 10.10 20.95 36.50 
0.84 7.40 18.15 31.40 
0.88 3.65 14.60 24.80 
0.92 1.75 9.80 15.30 
0.96 1.10 2.80 5.30 
1.00 1.00 1.00 1.00 
aSee Figure 26 on page 142. 
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APPENDIX B 
Diffusivity Integration Three Program 
The solution for the diffusivities Err, Ezz, Erz, and 
Ezr utilizing integration over all angular positions and 
integration from radial position zero to r was programmed 
for an IBM 7074 digital computer. The program was written 
in the FULL FORTRAN IBM language. The arrays in order of 





Normalized concentration table, I is used as 






table, indices same as C(I,J,K) table 










Dimensionless velocity table 
Dimensionless radial variable 
Matrix which holds the elements of the normal 
equation 
Vector which holds elements of normal equations 
Variables used by the matrix inversion sub­
routine (MATINV) 
Contains x's of algebraic diffusion equation 















Equivalent to A(10,10) matrix except that only 
those elements of A(10,10) are put into this 
matrix to solve for one-, two-, three-, or 
four-parameter diffusion equations by control 
of user through use of the input controls 
IACNTL(8,10) 
Table of integers to denote which axial levels 
of the concentration deck are being used. 
This vector eventually contains the estimates 
of the diffusivities 
Has same relation to B(10) as WORKA(10,10) 
has to A(10,10) 
This matrix eventually contains the inverse 
matrix of WORKA and the statistical "F Test" 
which was not used in the analysis 
Table of integers which allows the user to 
solve 10 possible combinations of parameters 
in the diffusion equation by controlling the 
transfer of matrix elements from A(10,10) to 
WORKA(10,10) 
Table of integers which are printed out on 
computer output sheets to show which param­
eters are being solved for in the 10 possible 
combinations, IDCNTL(8, J) contains the matrix 
size 
Integers utilized to bring answers (estimates 
of diffusivities) back to matrices and 
vectors for print out at the option of user 
Eventually contains the square deviation of 
each algebraic diffusion equation 
Eventually contains the t squares 
Contains the "Student's" t's used to calculate 
90 percent confidence intervals 
Upper limit of confidence interval 







Estimate of diffusion coefficient E in square 
feet per minute 
Peclet number for output 
Turbulent Schmidt number for output 
Ratio of turbulent to molecular momentum dif-
fusivity required in the calculation of the 
turbulent Schmidt numbers 
Input of all 26 numbers of this array was 
1.0 so that it made no effect on the calcula­
tions. Originally put into source deck along 
with MESS (found in body of program) to 
allow flexibility in changes to compiled 
program had they been necessary 
The following subroutines appear in this program: 
PATCH Used to patch condensed cards in the compiled 
program deck directly 
MATINV(A, 
N,B,M,D) Matrix inversion subroutine which solves the 
following equation 
A • X =« B 
where A is an N by N matrix 
X is unknown vector 
and B is vector of N elements 
After this subroutine is called the matrix is 
inverted and the control is sent back to the 
main program. Upon the reentry to the main 
program A contains the inverse of A, B contains 
the unknown vector X, and D contains the de­
terminate of A. 
In addition to the input of some of the dimensioned 
arrays previously defined, the following input quantities 
















Controls whether the TURBSC or TUBPE vectors 
will be read in or internally generated 
Number of parameter combinations to be used 
in calculation 
Controls whether the coefficients of the 
algebraic diffusion equation are to be 
punched out on cards or not 
Decision for the type of input for concentra­
tion tables 
Reynolds number 
Average velocity, uav 
Integers which control size and placement of 
concentration tables into the arrays 
Controls the entrance into or exit out of the 
concentration read in portion of main program 
AT), spacing in radial variable (may be read 
in or internally generated) 
A©, spacing in angular variable (may be read 
in or internally generated) 
Do loop control for radial integration limit T] 
Controls distance over which the radial 
derivative approximation is made 
Controls type of stop or reentry back to 
main program 
The actual FORTRAN statements for Diffusivity Integra­
tion Program Three are listed in sequence in Figure 54. 
Theta and Radial Diffusion Program 
The integration of the diffusion equation over pre­
scribed limits of radial and angular position was programmed 
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C AL KONOPIK 
C DIFFUSIVITY INTEGRATION THREE 
C NOVEMBER 5, 1963 
DIMENSION C126,38,4),PCZI26,38,4) ,PCZZI26,38,4l,V I26) ,RI26),AU0, l  
10),B<10),PIVOTI10),INDEX 110,2),I PIVOT(10>,GI4),HI7,4),HORKAI10,10) 
2,IZ14)«OUTBI10),NORKB110),OUTAC10,10),lACNTL18,101,IDCNTL(8,101,10 




40 3 READ INPUT TAPE 5,1,IROUTE,ICNTRL,ID1,IPATH 
00 UO J*l, ICNTRL 
READ INPUT TAPE 5,2,{IACNTLII,J),I-1,8) 
READ INPUT TAPE 3,2,IIDCNTLII,J>,1-1,8» 
110 READ INPUT TAPE 3,2,(I0CNTLI I,J),I-1,8) 
READ INPUT TAPE 5,3 




DO 111 1-2,26 
111 *11) » Rtl-1) • DELR 
READ INPUT TAPE 5,5,(VII),1-1,26) 
RWALL - 1.0 /6.0 
GO TO 1801,802),IPATH 
801 READ INPUT TAPE 5,6,(1(CCI,J,K),I-1,26),J-l,371,K-l,4) 
READ INPUT TAPE 5,6,1(1PCZ« I,J,K),1-1,26),J-l,371,K-1,4) 
READ INPUT TAPE 5,6 , IIIPCZZU,J,K),l-l,26),J-l,37),K-1,4) 
GO TO 803 
802 READ INPUT TAPE 5, 2,11,12,Jl,J2,K1,K2,LPATH 
GO TO (804,8051,LPATH 
805 READ INPUT TAPE 5,41,HIC11,J,K),J-Jl,J2I,I-11,12),K-Kl,K2) 
READ INPUT TAPE 5,41,(I(PCZ11,J,K),J-Jl,J2),I-11,12),K-K1,K2) 
READ INPUT TAPE 5,41, I I(PCZZ 11,J,K1,J-Jl,J2),I-11,12),K»K1,K2) 
GO TO 802 
804 READ INPUT TAPE 5,42,DELR,DELT 
R(l)- 0.0 
DO 806 I 
-2,26 
806 RII) - RII-1) + DELR 
00 907 1-1,26 
00 807 K-l,4 
807 CII,37,K) - C(I,1,K) 
803 CONTINUE 
READ INPUT TAPE 5,11,(IZ(I),1-1,4) 
READ INPUT TAPE 5,7, 1 TABLE(I),I-1,4) 
GO TO (199,600),IROUTE 
800 READ INPUT TAPE 5,10,(TURBSC(I),I-1,26) 
READ INPUT TAPE 5,10,1TURBPE11),1-1,26) 
GO TO 200 
199 DO 198 1-1,26 
TURBSC11) -1.0 
198 TURBPE11) -1.0 
200 DO 202 K-l,4 
00 202 1-1,26 
C11,38,K ) -(0.5 • DELT)•IC11,1,K) > CII,37,K)) 
PCZU,38,K)-t0.5» DELT) • IPCZU.l.K) • PCZI1,37,KI) 
PCZZI1,38,K)-(0.5« DELT)MPCZZ( 1,1,K) tPCZZI I ,37,K) I 
00 202 J-2,36 
C(1,38,K) - C11,38,K) +(C(I,J,K>* OELT) 
PCZ<I » 38,K) - PCZ(I » 38,K) •IPCZ(I,J,K) • DELT) 





























Figure 54. FORTRAN statements for the Diffusivity Integra­
tion Three program 
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C 14 MUST BE 4 OR LESS BECAUSE OF HI4,K) 3 
201 READ INPUT TAPE 3,11, Jl,12,13,14 4 
WRITE OUTPUT TAPE 10,13 
WRITE OUTPUT TAPE 10,3 
F14 >14 4 
OR -F14 «DELR 4 
SPARE1 - 3.0 4 
SPARE2 - 7.0 4 
NSPARE -19443217 4 
00 203 I -11,12,13 4 




DO 204 N -1,10 4 
ti0RKAIM,N)-0.0 4 
AIM.NI-0.0 4 
204 OUTA(H,NI-0.0 4 
00 209 K-l,4 3 
G(K) -0.0 5 
DO 203 N-1,7 3 
203 HIN,K) -0.0 3 
00 206 K-l,4 3 
1 STOP- I - 1 S 
DO >07 M "1,ISTOP 9 
207 OIK) -OUI •IVllA)eR(IA)»PCZIIA,38,K)eOELR) S 
GIK) -OIK) +10.3 evil) oRII) » PCZ11,38,K)eOELR) 3 
208 IP1 -I + 14 3 
IM1 -I -14 3 
00 210 J-2,36 3 
210 HI1,K) - HI1,K)*IIC11P1,J,K)-CIIM1,J,K))/I2.0 «DR)) 5 
HI1,K) - HI l.KHI IC11P1,1,K)-CI INl,l,K)l/(4.0 «OR 11 3 
Hll.K) - HI1,K) •IICIIP1,37,K)-CIIM1,37,K))/l4.0»DR)) 
HIl.K) -IH11,K)»RII)»DELT) 
HI7.K) -IR(I)>(CIIP1,3B,K)-CIIM1,38,K)))/(2.C »DR) 
211 00 212 IA-1,ISTOP 
212 HI2,KI - H(Z,K) + IPCZZI IA,38,K)«RI IAMDELR) 
HI2,K) - H|2,K)*10.3»PCZZII,38,K)»RII)»OELR) 
HI3,KI -IRII)• PCZII.18.K1I *1.0 
HI4,K) -IRI2)»DELR)»HPCZI3,38,K)-PCZll,38,K))ZI2.0«DELR)) 
HI4.K) » HI4.K) •R13)»IPCZI3,38,K1-PCZ11,38,K1IZI4.0) 
HI4.K) - H(4,KJ +R14)»IPCZ17,38,K)-PCZI1,38,K))/I6.0) 
00 213 IA -3,ISTOP 
IP1 « IA +14 
IM1 - IA -14 
213 H(4,K) -HI4,K)*IRIIA)«0ELR)»IPCZ(IP1,38,K)-PCZ11M1,38,K)1/(2.0»OR) 
IP1 -I * 14 
IM1 -I - 14 
HI4.KI- HI4,K)+IRII)«OELR)•IPCZ(IP1,38,K>-PCZIIM1,38,K))/(4.0»DR) 
HI3,K) -0.3«((DELR»PCZ(1,38,K>> •IOELR'PCZII,38,K))) 
DO 214 IA-2,ISTOP 
214 H(3,K) - HI3,K I •!DELR «PCZI IA,38,K)) 
HOLD - HI 5,K ) 
HI3.K)- -HI3.KH H !3,K) 
H16,K) -12.0* HI4,K1 )• HOLD 
206 CONTINUE 
WRITE OUTPUT TAPE 10,20 8 
WRITE OUTPUT TAPE 10,21 8 
DO 215 K-l,4 8 
WRITE OUTPUT TAPE 10 ,22,IZ IK I ,K,GIK),IHIN,K),N-1,7),I 
GO T0I213,2161,101 6 
216 PUNCH 23,IZIK),K,GIK),IHIN,K),N«1,7),I 
Figure 54. (Continued) 
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215 CONTINUE 8 
DO 217 K-l,4 6 
DO 217 M-1,7 8 
B(M) - B(M) + (G(K)eH(MtK)) 8 
DO 217 N-1,7 8 
217 A(N,N) > A(M,N ) •(H(M,K)»H(N,K)) S 
WRITE OUTPUT TAPE 10,24 8 
WRITE OUTPUT TAPE 10,25 8 
DU 218 M-1,7 8 
218 WRITE OUTPUT TAPE 10,26,M,(A(M,N),N-1,7),B(M) S 
OETERM «1.0 6 
DO 220 J-l,ICNTRL 9 
MATS12 - lOCNTKfl.J) 9 
00 221 IA -1,8 9 
IP - IACNTL!IA,J> 9 
WORKB(IA) - B!IP) 9 
DO 221 IB -1,8 9 
JP > IACNTL! IB,J ) 
221 WORKA(IA,IB) - A(IP,JP) 9 
CALL MATINV(WORKA,MATSIZ,WORKB,l.DETERM) 6 
00 222 IA -1,8 9 
IP - IOCNTL(IA,J ) 9 
OUTBIIA) » WORKB(IP) 9 
DO 222 IB - 1,8 9 
JP - IOCNTLlIB,J) 9 
222 OUTA(IA.IB) - WORKA(IP.JP) 9 
SIGMAS -0.0 9 
DO 223 K-l,4 10 
XIMXB21K) - GtK) 10 
00 224 N-1,7 10 
224 XIMXB21K) - XIMXB2IK) - OUTB(N)»H(N,K) 10 
XIMXB2IK) - XIMXB2(K)• XIMXB21K) 10 
22 3 SIGMAS » SIGMAS + ( X1MXB2(K)/4.0) 10 
FK -MATSIZ 10 
FR - (4.0 - FKI/IFK e 4.0 • SIGMAS) 10 
00 225 IB -1,7 10 
IC « IB • 1 10 
DO 225 IA -1,IB 10 
225 OUTAIIC,IA) -FR* A( IA, IB) • OUTBIIA) • OUTB(IB) 10 
IOFI- 4 - MATSIZ 10 
IDFFAL « IDF I *1 10 
D O  2 2 6  N - 1 , 7  1 1  
IF(IDFI)400,227,228 11 
227 TSQUAR(N)- 0.0 11 
UPLIM(N)-0.0 11 
D0WNLM(N)-0.0 11 
GO TO 226 11 
228 CHECK - 0UTA(N,N) 11 
IFICHECKI231,230,231 11 
230 TSQUAR(N)-0.0 11 
DENO - 0.0 11 
GO TO 232 11 
231 DENO » (CHECK »4.0»SIGMAS)/(4.0 - FK) 11 
TSQUAR(N) - (OUTB(N)»0UTB(N)/DENO) 11 
IF(DENO)233,232,234 11 
233 DENO • -DENO 11 
234 DENO " DENO **0.5 11 
232 DENO • DENO » TABLE(IDFFAL) 11 
UPLIM(N) - OUTB(N) + DENO 11 
OOWNLMIN)- OUTB(N) - DENO 11 
22 6 CONTINUE 12 
AVENUE - NRE 12 
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PTNRE > AVENUE •V( I ) 
IPTNRE» PTNRE 
DO 235 N-1,7 




GO TO 238 
236 PECLEHN)-ll.O/CHECK) » TURDPElI) 
SCHHID(N)•(PECLET(N) • 2.0/AVENRE) 
UPLIHIN) -(UPLIH(N) • AVEVED/6.0 
OOWNLN(N)»(DOWNLM(N)• AVEVEL1/6.0 
238 DIFCO(N) » CHECK «AVEVEL/6.0 
235 CONTINUE 
» TURBSC( I ) 





TAPE 10 ,27, DETERM 
9 WRITE OUTPUT TAPE 10 .28, DETERM 
239 WRITE OUTPUT TAPE 10 ,29 
WRITE OUTPUT TAPE 10 ,30, MATSIZ.IOFI,(IOCNTL(N,J> , N1 
WRITE OUTPUT TAPE 10 ,31, SIGNAS,(OUTB(N),N-1, 7) 
WRITE OUTPUT TAPE 10 ,32, XINXB2(1),(PECLET(N) , N-1 ,7 
WRITE OUTPUT TAPE 10 ,33, XIMXB2(2),(SCHHID(N) • N-l ,7 
URITB OUTPUT TAPE 10 ,34, XIMXB213),(UPLIM(N), N-l, 7) 
WRITE OUTPUT TAPE 10 ,35, XIMXB2(4),(00WNLMIN1 »N-1 ,7 
WRITE OUTPUT TAPE 10 , 36, IPTNRfc,(TSQUAR(N).N-1,7) 
WRITE OUTPUT TAPE 10 ,37, (OIFCO(N),N-1,7) 
DO 240 M « 1, 8 
240 WRITE OUTPUT TAPE 10 
CO 
M,(OUTAIM,N)»N-1» 7) 
DO 808 K-l,4 
DO 808 N-1,7 
OUTA(K.N) - H(N,KI • OUTBINI 
CHECK - G(K) 
I F  (CHECK1809,810,809 
810 0UTA(K*4,N) - 0.0 
GO TO 808 
809 0UTA(K+4,N) - OUTA(K,N)/G(K) 
808 CONTINUE 
WRITE OUTPUT TAPE 10,43 
WRITE OUTPUT TAPE 10,44,(IDCNTLIN,JI,N-1,7) 
DO 811 K-l,4 
WRITE OUTPUT TAPE 10 ,45,K,GlK),IOUTA(K,N),N-1,7) 
811 CONTINUE 
DO 812 K-5,8 
L -K -4 
WRITE OUTPUT TAPE 10,46,L,G(LI,(OUTA(K,N),N-I,7) 
812 CONTINUE 
220 CONTINUE 
20 3 CONTINUE 
WRITE OUTPUT TAPE 10,39 
READ INPUT TAPE 5.12.IEND 
WRITE OUTPUT TAPE 10,40,Il,12,13,14,ID1,1R0UTE,ICNTRL,NRE,I STOP,IE 
1N0 
GO TO (400,401,201,403),IEND 
400 STOP 89 
401 STOP 
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21 FORMAT 1120HJ 
1H13.K) 
OIFFUSIVITV INTEGRATION THREE 
OF ALPHA(N) TIMES H(N.KI) 
AL KONOPIK A0036 
G(K) "(SUM OVER N 
IZIKI K G(KI H(1iKI H(2,K) 
HI4,K) HI5,K) HI6,K) H(T.K) 
22 FORMAT(1H 215,BE 13.3,14) 
23 F0RMAT(2I5,5E13.5/3E13.3,I4) 
24 FORMAT(33HK (A)ALPHA HAT • B A MATRIX 
23 FORMAT(120HJ M A(M,1) AIM,2) AIM,3) 
1A(M,4) AIM,5) AIM,6) A(M,7> B(MI 
26 FORMAT(1H IB,2X,8E13.3) 
27 FORMAT(9HK0ETERM - E13.5) 
28 FORMAT(9HIDETERM - E13.3) 
29 FORMAT 1120H EXPLAINED AT LEFT ERR1 
1 ERZ AV.EZR MESS AV.(ERZ+EZR) 







31 FORMAT(17H 1/N PE SIGMAS • Ell. 4,7E13.5) 
32 FORMAT 117H N PE XIMXB2 1- Ell. 4.7E13.3) 
13 FORMAT!17H N SC XIMXB2 2- Ell. 4,7E13.3) 
34 FORMAT U7M HIGH E XIMXB2 3- Ell. 4.7E13.3) 
33 FORMAT(17H LOW E XIMXB2 4- Ell. 4,7E13.5) 
36 FORMAT(17H ( TI »2 NRE(R) • Ill, 7E13.5) 
37 FORMAT!2»H E(FT»2/MIN) 
38 FORMAT!21H F TEST AND A 
39 FORMAT(120HL 
1 IROUTE ICNTRL 
40 FORMAT(1H 10110) 
41 F0RMAT16E12.3) 
42 FORMAT(F3.2,F10.9) 
43 FORMAT!120H K 
1 ERZ AV.EZR 
44 FORMAT 120H SOLVED FOR 
43 FORMAT!7H FLUX I4.8E13.5) 
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for the IBM 7074 computer. This program utilizes the pre­
viously solved radial diffusivities and also was written in 
the FULL FORTRAN IBM language. The arrays in order of their 
appearance in the DIMENSION statement are defined as follows: 
C(I, J,K) 
PCZ 
Normalized concentration table, I is used as 















Contains the integrated bulk flow term for 
each T1-© region at every axial height 
Contains the integrated coefficient of Err 
for every Tj-e region 
Contains the integrated coefficient of E00 
for every T]-0 region 
Contains the integrated coefficient of Erg 
for every T)-e region if IZPICK a 1 or Ez© 





Dimensionless radial position T) 
Ratio of turbulent to molecular momentum dif-
fusivity as a function of T] 
Previously solved radial diffusivity as a 




Spare vector always input as zero 
Spare vector so that the integrated coef­
ficients of the diffusivities would not have 
to be destroyed, thus saving calculations as 
the different types of solutions were obtained, 
199 
No subroutines were required in this program. In ad­
dition to the input of some of the dimensioned arrays pre­
viously defined, the following input quantities were re­
quired in this program that were not defined in previous 
programs 
IDECK Control of type of input Format for concen­
tration tables, same as IROUTE of previous 
program 
IROUTE Same as LPATH of previous program 
IZPICK Defined in Z(150) array above 
K1,K2,K3 K Do loop control for number of axial levels 
to be included in the calculation 
Jl, J2,J3 J Do loop control for number of T|-@ regions 
to be included in the calculations 
11,12,13 I Do loop control for central positions of 
the radial integration, also number of 
radial positions solved for 
J4 Control of limits of region of angular inte­
gration; i.e., in Equation 27 on page 41, ©^ = 
9(J-J4) , ©2 = ©( J+J4) 
J5 Number of angular increments over which the 
angular derivative approximation is made 
14 Control of limits of region of radial inte­
gration; i.e., in Equation 27 on page 41, T|i = 
71(1-14) , Tl2 = T|(I+I4) 
15 Number of radial increments over which the 
radial derivative approximation is made 
T1,T2 "Student's" t for 90 percent confidence inter­
val, two values for the two values of n-k 
degrees of freedom 
ISTOP Controls type of stop or reentry back to main 
program 
200 
For the following variables input of 1 means solving 
for that type of solution, 2 means not solving for that type 
of solution: 
JSOLl Solving for Err only, for debugging purposes 
JSOL2 Solving for E@@ with a known Err 
J30L3 With a known value of Err solving for Ere 
if IZPICK = 1 or for Ez0 if IZPICK = 2 
JSOL4 Solve for Er© or Ez@ depending on IZPICK 
(Note Err is assumed negligible) 
JSOL5 With a known value of Err solving for E@@ 
and Er© if IZPICK = 1 or for E@@ and E_e 
if IZPICK = 2 
The actual FORTRAN statements for the Theta and Radial 







THETA AND RADIAL DIFFUSION 
NOVEMBER 18, 1963 
DIMENSION C(26,37,4),PCZ(Z6,37,4),W(150),X(130),Y(150),Z(150),V(26 1 
1 ) ,R(26)•TURBSC(26I,ERR(26),ERT(26),SAVE(150) 1 
COMMON C,PCZ,W,X,V,Z,V,R,TURBSC,ERR,ERT,SAVE î 
101 READ INPUT TAPE 5,1,I0ECK 1 
READ INPUT TAPE 5,2 1 
READ INPUT TAPE 5,S,NRE,AVEVEL 1 
READ INPUT TAPE 3.4,IV(I),1-1,26) 1 
READ INPUT TAPE 9,3,(TURBSC(I),I-1,26) i 
RID -0.0 1 
DO 102 1-2,26 1 
102 R(I) - R(I-l) +0.04 I 
DELR - 0.04 1 
OELT - 0.08726646 I 
GO TOI 103,104),(DECK 1 
103 READ INPUT TAPE 5,6,(I(C(I,J,KI,I-l,26),J-l,37),K=1,4) 2 
READ INPUT TAPE 5,6, ( ( ( PCZ ( I, J,K ) , I -1,26 ), J-1, 37), tt-1,4 ) 2 
GO TO 105 2 
104 READ INPUT TAPE 3,7,IROUTE,11,12,Jl,J2,K1,K2 2 
GO TO (107,1061,IROUTE 2 
106 READ INPUT TAPE 5, 8 ,(((C(I,J,K),J-J1,J2),1*11,12),K-Kl,K2) 2 
READ INPUT TAPE 5,8, (((PCZ(I,J,K),J-Jl,J2),1-11,12),K-K1,K2) 2 
DO 108 1-1,26 I 
00 108 K-l,4 2 
C(1,37,K) - C(1,1,K) 2 
108 PCZ(1,37,K) - PCZ(I,1,K) 2 
GO TO 104 2 
107 READ INPUT TAPE 5, 9,0ELR,R(1),DELT 2 
DO 110 1-2,26 2 
110 R(11 - R(I-l) • DELR 2 
105 READ INPUT TAPE 5,10.(ERR(I),1-1,26) 2 
109 READ INPUT TAPE 3,11,(ERT1I),I-1,26) 2 
501 READ INPUT TAPE 5,12,IZPICK,JS0L1,JS0L4 2A 
302 READ INPUT TAPE 5,12,JS0L2,JS0L3,JS0L5 2A 
503 READ INPUT TAPE 5,12,K1,K2,K3 2A 
303 READ INPUT TAPE 5,12,Jl,J2,J3,J4,J5 2A 
READ INPUT TAPE 5,13,T1,T2 2A 
306 READ INPUT TAPE 5,12,11,12,13,14,15 2A 
307 READ INPUT TAPE 5,14,ISTOP 2A 
WRITE OUTPUT TAPE 10,15 3 
WRITE OUTPUT TAPE 10,2 3 
WRITE OUTPUT TAPE 10,16 3 
WRITE OUTPUT TAPE 10,17,11,12,13,14,15,Jl,J2,J3,J4,J5,K1,K2,K3 9 
WRITE OUTPUT TAPE 10,18 fi 
WRITE OUTPUT TAPE 10,19,! STOP,T1,T2,1ZPICK,NRE,JS0L1,JS0L2,JS0L3, 3 
1JS0L4,JS0L5 3 
AVENRE - NRE 3 
FJ5 - J5 3 
F15 - 15 3 
OR - DELR • FI5 3 
DT - DELT • FJ5 3 
00 120 I -11,12,13 4 
IU - I • 14 - 1 4 
IL - I - 14 • 1 4 
NTOTAL - 0 4 
DO 112 N-l,130 4 
WIN) - 0.0 4 
Figure 55. FORTRAN statements for the Theta and Radial 
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XIN) » 0.0 4 
YIN) a 0.0 4 
Z fN) • 0.0 4 
112 SAVE1N) » 0.0 4 
SUMHXY - 0.0 4 
SUMYY - 0.0 4 
SUMYZ - 0.0 4 
SUMWXZ - 0.0 4 
SUNZZ - 0.0 4 
SUNWW - 0.0 4 
SUMXX • 0.0 4 
SUMWX - 0.0 4 
SLNHY - 0.0 3 
SlINHZ « 0.0 5 
SUNNY - 0.0 9 
SUMXZ a 0.0 5 
N- 0 9 
IPI4 - I • 14 66 
1 M I 4  - I  - 1 4  6 A  
00 130 K " K1.K2.K3 6 
DO 140 J • J1.J2.J3 6 
JPJ4 • J • J4 6A 
JMJ4 « J - J4 6A 
JU » J • J4 - I A 
JL " J - J4 • 1 6 
N - N*1 6 
WIN) = I<R(INI4)»V<IMI4)«IPCZIIMI4,JMJ4,K)*PCZI1MI4,JPJ4,K)))• 6A 
1IRIIPI4)»V(IMI4)»IPCZ(IPI4.JMJ4.KHPCZIIPI4, JPJ4.K) ) ))/4.0 6A 
DO 141 JP • JLiJU 6 
WIN)-WtN)*0.5e|(RIIMI4)»VIIMI4)ePCZIIMI4.JP.K))t|RUPI4)eVIIP14) 6A 
1*PCZIIPI4.JP.K))) 6A 
141 CONTINUE 6 
00 142 IP -IL.IU 6 
142 WIN)-W(N)*0.5«IIRIIP)»VI IP))•IPCZI IP.JPJ4,K)+PCZ11P.JMJ4.KI)) 6A 
DO 143 IP -IL.IU 
DO 143 JP -JL.JU 
143 WINl-HIN) • IR11P)»VIIP)»PCZIIP.JP.K)) 
WIN) - WIN) *OELR*DELT 
IF! IL-2 199,144,145 
144 HOLD - 0.0 
GO TO 146 
145 IKE - I -14 - 15 -1 
IFI IKE)99»147,147 
147 LM « I-14-15 
LP - 1-14*15 
HOLD « 0.5 • ICI LP,JMJ4,K)-CILM,JMJ4.K)*CI LP,JPJ4,K)-CILM,JPJ4,K)) 7 
DO 148 JP - JL,JU 
148 HOLD - HOLD • CILP,JP.K) - CILM.JP.K) 
HOLD • HOLD »IR(IMI4)»ERRIIM14)«DELT/12.0»DR)) 7 
1*6 XIN) - - HOLD 
IFIIU -25)149.150.99 
150 HOLD - 0.0 
GO TO 151 
149 IKE - I • 14 +15 
IFI 26 - IKEI99.152.152 
152 LM - 1*14-15 
LP - I+I4+I5 
HOLD -0.5MCILP,JMJ4,K)-C!LM,JMJ4,K)+CI LP,JPJ4,K)-CILM,JPJ4,K)) 7 
00 153 JP -JL.JU 6 
153 HOLD - HOLD • CILP,JP.K) - CILM.JP.K) 8 
HOLD - HOLD • (R(IPI4)»ERR(IPI4)»DELT/12.0 • DR)) 8 
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191 SIN) - XIN) 4 HOLD 6 
HOLD >0.0 e 
LP • J+J4+J9 6 
LM • J+J4-J9 6 
IFIJU-36)401,402,401 68 
401 IFILP-37)403,403,99 66 
409 IFIIL - 2) 99,408,407 SB 
407 HOLD • 0.9 •I(ClIMI4,LP,K)-CIIN14,LH.K))/RI IMI4)) 86 
409 IPI10-29)409,406,99 66 
409 HOLO-HOLD •0.9*I(C(IPI4,LP,R)-CI1PI4,LM,K))/ft(IPI4)) 88 
406 00 409 IP • IL,iii IB 
409 HOLD • HOLD • ((CI IP,LP,K)-CUP,LM,K))/R(IP)) 09 
402 HOLD • HOLD «(OELR /12.0 » DTI) 68 
YIN) » HOLD 68 
HOLD = 0.0 0B 
LM • J - J4 -J3 88 
LP • J - J4 *J9 86 
IPIJL -2)99,410,411 8C 
411 IPdM - 1) 99,412,412 @€ 
412 IPIIL - 2) 99,413,414 ®S 
414 HOLD • 0.9»IICIIN14,LP,#)-C(INI4,LN,K))/RI ttM4)) 66 
413 1FIIU-291419,416,99 8C 
419 HOLD • HOLD +0.9»(ICIIPI4.LP,Kl-CIIP14,LM,K)I/RIIPI41I 8C 
416 DO 417 IP • IL.IU 8C 
417 HOLD • HOLD • 11 CIIP,LP,K)-CI IP,LM,K)I/RI IP)I 8C 
410 HOLD • HOLD •I0ELR/I2.0 • 0T11 8C 
YIN) • VINI - HOLD 9C 
HOLD - 0.0 6C 
00 TO 11*9,1*6),IZPICK 9 
169 HOLD - CIIPI4,JPJ4,K»-C(IPI4,JNJ4,K)-CIIN!4,JPJ4,K)*CIIMI4,JMJ4,K) 9A 
WIN) - WIN) -IHOLD*IERTIIP 14) -ERTIIMI41)) 9A 
ZIN) - 2.0 * HOLD 9 
HOLD - 0.0 9 
CO TO 167 10 
166 LM - J -J4 10 
LP • J *J4 10 
HOLD -0.9*(PCZ(IPI4,LP,KI-PCZIIPI4,LM,KI+PCZ(IMl4,LP,K)-PCf(IMI4.L 10A 
1M.K)) 10A 
DO 16# IP - IL.IU 10 
168 HOLD - HOLD • PCZIIP.LP.K) - PCZIIP.LM.K) 10 
ZIN) - HOLD e 2.0 • DELR 10 
167 HOLD - 0.0 10 
140 CONTINUE 10 
130 CONTINUE 10 
NTOTAL -N 10 
CO TO (200.201).JS0L1 11 
200 DO 202 N -1,NTOTAL 11 
SUNWW • SUNWW +IWIN)»WIN)) 11 
SUMWX - SUMWX •IWINfeXlN)) 11 
202 SUNXX - SUNXX >IXIN)«XINI) 11 
ERAD • SUNWX /SUNXX 11 
PTNRE • VII) • AVENRE 11 
RPECLT- ERAD 11 
SICNA • SUNWW - I2.0»ERAD»SUMWX) • IERAD»ERAD»SUMXX) 11 
FIX -NTOTAL 11 
SIGNA » SICNA/FIX 11 
OENO -«FIX • SIGMA)/ISUNXX «(FIX -1.01) 11 
TSOUA* • IERAD • ERADl/DENO 11 
OENO - OENO •• 0.9 11 
UP - (ERAD •(T1»DEN0))« AVEVEL/6.0 11 
DOWN -IERAD -IT1 * DENO)) • AVEVEL/6.0 11 
ERAD - ERAD # AVEVEL/6.0 11 
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lF(eaA0l203,204,203 11 
20* PECLET >0.0 11 
GO TO 205 12 
203 PECLET « 1.0 /RPECLT 12 
205 SCHMIO «(PECLET • 2.0/AVENRE) • TURBSC(I) 12 
IPTNRE - PTNRE 12 
WRITE OUTPUT TAPE 10.20 12 
WRITE OUTPUT TAPE 10,21 » I,R«I)11PTNRE.RPECLT «PECLET.SCHM10»UP.BRAD 12 
1tDOWN.TSQUAR.ERR(I) 12 
00 206 N>1,NTOTAL 12 
CHECK • WIN) 12 
IF(CHECK 1207.206,207 12 
207 XIN) >(X(N)«RPECLT)/CHECK IS 
206 CONTINUE IS 
NI - 1 12 
N2 - 14 12 
208 WRITE OUTPUT TAPE 10,22»ItiIN),N=Nl,N21 12 
WRITE OUTPUT TAPE 10,23,IX IN),N-N1,N2) 12 
IFINTOTAL -N2)201.201.209 12 
209 NI > N2 • I 12 
N2 - N1 • 13 12 
GO TO 208 13 
201 CONTINUS 13 
GO TOI120,210),USOLl 13 
210 00 211 N-l,NTOTAL 13 
SUMWXY • SUMWXY • (WIN)-xin)l»YIN) 13 
SUMYY - SUMYY • YIN)*YIN) IS 
SUMVZ - SUMVZ • YIN)*ZIN) 13 
SUNWXZ - SUMWXZ • (W(N)-X(n)l»Z(N) 13 
SUMZZ • SUMZZ • Z(NI*Z(NI 13 
SUMWW - SUMWW • W(NI*W(N) 13 
SUNXX - SUNXX • XI NI*XIN) 13 
SUMWX - SUMWX • WlNleXIN) 13 
SUMWV » SUMWY • WlNleVIN) 13 
SUMWZ - SUMWZ • W(N)»ZIN) 13 
SUMXV - SUMXY • XINI«YIN) 13 
211 SUMXZ - SUMXZ • XINJ»Z(N) 13 
PTNRE • V(11«AVENRE 13 
1 PTNRE • PTNRE 13 
DO 212 N-l,NTOTAL 14 
CHECK - WIN) 14 
IFICHECK1213,212,213 14 
213 XIN) - XIN)/ CHECK 14 
212 CONTINUE 14 
FIX -NTOTAL 14 
GO TO 1214,215),JS0L2 14 
214 ETT - SUMWXY / SUMYY 14 
RPECLT - ETT 14 
SIGMA - SUMWW -2.0»SUHWX + SUMXX METT » 12.0»(SUMXY-SUMHYl»g?To$UM 14 
1VYIJ 14 
OENO • SIGMA/ISUMYY»I FIX -1.0)1 14 
TSQUAR • ETT » ETT/DENO 14 
OENO > OENO « 0.5 14 
UP • I8TT •ITl *OENO))« AVEVEL/6.0 14 
DOWN • (ETT -(Tl » OENO)) * AVEVEL/6.0 14 
ETT " ETT • AVEVEL/6.0 14 
IF IETT)217»216,217 14 
218 PECLET > 0.0 14 
GO TO 119 15 
217 PECL6T > 1.0/RPECLT 15 
219 SCHM10 > (PECLET '2.0/AVENRE) • TURBSC(I) 15 
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ERAD » ERRU) » AVEVEL/6.0 
WRITE OUTPUT TAPE 10,20 
WRITE OUTPUT TAPE 10,27,I,R(I),IPTNRE,RPECLT,PECLET,SCHMIO,UP,ETT, 
1DOWN,TSQUAR,ERAD 
00 216 N-l,NTOTAL 
CHECK > WIN) 
IF(CHECK)220,221,220 
220 SAVE(N) - RPECLT « V i K I  /CHECK 
GO TO 216 
221 SAVE(N) » RPECLT • YIN) 
216 CONTINUE 
N l - 1  
N2 • 14 
222 WRITE 0UTPU7 TAPE 10,22,(WIN),N«N1,N2) 
WRITE OUTPUT TAPE 10,23,(*IN »,N«Nl,H2) 
WRITE OUTPUT TAPE 10,2*,(SAVB(N),N=N1,N2) 
IFINTOTAL -N2)215,215,22$ 
223 N1 • N2 •! 
N2 • N1 *13 
GO TO 222 
215 GO TO (22*,225),JS0L3 
22* EZ - SUMWXZ / SUMZZ 
RPECLT - EZ 
S10MA e SUMWW -2.0«SUMWX *SUMXK «-(EZ ®(2.0#(SUMXZ -$UMHSI*8& • 8U& 
I I I ) )  
OENO • SIGMA/ISUMZZ «(FIX -1.0)) 
TSQUAR - EZ • EZ / OENO 
OENO - OENO • • 0.3 
UP - (EZ •(T1 «OENO) )• AVEVEL/6.0 
DOWN •(EZ -(Tl «OENO)) «AVEVEL/6.0 
EZ - EZ e AVEVEL /6.0 
IF(EZ)226,227,226 
227 PECLET - 0.0 
GO TO 228 
226 PECLET - 1.0 / RPECLT 
228 SCHMIO - IPECLET • 2.0/AVENRE) « TURBSCII) 
ERAD • ERRU) «AVEVEL/6.0 
WRITE OUTPUT TAPE 10,20 
GO TO 1229,230),IZPICK 
229 WRITE OUTPUT TAPE 10,28,I,RII),IPTNRE,RPECLT,PECLET,SCHMIO,UP.EZ, 
1D0WN,TSQUAR,ERAD 
GO TO 231 
230 WRITE OUTPUT TAPE 10,29,I,R(I),IPTNRE,RPECLT,PECLET,SCHMIO,UP.EZ, 
100WN,TSQUAR,ERAD 
231 DO 232 N-l,NTOTAL 
CHECK - WIN) 
IF(CHECK)233,23*,233 
233 SAVE IN) • RPECLT • ZIN) /CHECK 
GO TO 232 
23* SAVEIN) - RPECLT • ZIN) 
232 CONTINUE 
NI > 1 
N2 - 1* 
235 WRITE OUTPUT TAPE 10,22,(WIN),N-N1.N2) 
WRITE OUTPUT TAPE 10,23,(X(N),N=N1,N2) 
GO TO 1236,237),IZPICK 
236 WRITE OUTPUT TAPE 10,25,I SAVE IN),N-Nl,N2) 
GO TO 238 
237 WRITE OUTPUT TAPE 10,26,ISAVEIN),N-N1,N2) 
238 IFINTOTAL -N2)225,225,239 
239 NI - N2 *1 
N2 - Ni +13 
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CO TO 239 18 
229 CO TQ(2*0(241)•JSOL* 10 
2*0 EZ • 5UMWZ/SUMZZ 18 
RPECLT • EZ 10 
SIGMA - SUMWW -(2.0«EZ «SUMtiZ) MEZ » EZ » SUMZZ) 18 
OENO • SIGMA /(SUMZZ • (FIX -1.0) ) 16 
TSQUAR » EZ* EZ /OENO 16 
OENO -OENO •• 0.9 IB 
UP • I EZ HT1 » OENO)) « AVEVEL/6.0 16 
DOWN "(EZ -(Tl * OENO)) «AVEVEL/6.0 10 
EZ « EZ * AVEVEL /6.0 16 
IF (EZ)2*2,2*3,2*2 16 
2*3 PECLET » 0.0 16 
GO TO 2*4 16 
2*2 PECLET - 1.0 / RPECLT 18 
244 SCHMIO • (PECLET • 2.0/AVENREI • TURBSC1I) 16 
ERAO - ERR(I) • AVEVEL /6.0 16 
WRITE OUTPUT TAPE 10,20 10 
GO TO (249,246),IZPICK 19 
2*5 WRITE OUTPUT TAPE 10,26,1,R(11,1PTNRE,RPECLT.PECLET,SCHMIO,UPjSS. 19 
1DOWN,TSQUAR,ERAD 19 
GO TO 247 19 
2*6 WRITE OUTPUT TAPE 10,29,I,R(I),IPTNRE,RPECLT,PECLET,SCHMIO,UP,EZ, 19 
1D0WN,TSQUAR,ERAD 19 
247 00 246 N-l,NTOTAL 19 
CHECK -W(N) 19 
IF(CHECK)249,290,249 19 
249 SAVEIN) - RPECLT • ZINI/CHECK 19 
GO TO 248 19 
230 SAVEIN) -RPECLT » ZIN) 19 
246 CONTINUE 19 
NI -1 19 
N2 • 14 19 
291 WRITE OUTPUT TAPE 10,22,(WIN),N-N1,N2) 19 
GO T0(292,293),IZPICK 19 
292 WRITE OUTPUT TAPE 10,29,(SAVE(N),N-N1,N2) 19 
GO TO 294 19 
293 WRITE OUTPUT TAPE 10,24,(SAVE<N),N-N1,N2) 19 
254 IFINTOTAL -N2)2*l,2*l,299 20 
259 N1 -N2 +1 20 
N 2 - N 1 +  1 3  2 0  
GO TO 291 20 
241 GO TO (296,120),JS0L5 20 
296 HOLD -(SUMYY • SUMZZ) -1SUMYZ • SUMVZ) 20 
ETT -((SUMZZ • SUMWXY)-(SUMWXZ «SUMYZ))/ HOLD 20 
EZ -((SUMYY • SUMWXZ)-(SUMWXY «5UMYZ))/ HOLD 20 
RPECLT - ETT 20 
SIGMA - SUMWW-2.0«SUMWX+SUMXX+ETT*ETT*SUMYY+EZ«EZ»SUMZZ -2.0*ETT« 20 
1SUMWX -2.0»EZ«SUMWZ •2.0»ETT«SUMXY +2.0«EZ*SUMXZ +2.0*EZ»ETT«SUMYZ 20 
OENO -ISIGMAe SUMZZ/HOLD)/(F IX -2.0) 20 
TSQUAR • ETT « ETT / OENO 20 
IF(OENO)297,296,256 20 
257 OENO - - OENO 20 
298 OENO - OENO • • 0.9 20 
UP - (ETT +IT2 * DENO)) «AVEVEL/6.0 20 
DOWN -(ETT -IT2 «OENOI) «AVEVEL/6.0 20 
ETT - ETT • AVEVEL /6.0 20 
IF(ETT)299,260,299 20 
260 PECLET -0.0 20 
GO TO 261 21 
299 PECLET - 1.0 /RPECLT 21 
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261 SCHMIO - (PECLET «2.0/AVENRE) « TURBSCI!) 21 
ERAD = ERR(I ) « AVEVEL / 6.0 81 
WRITE OUTPUT TAPE 10.20 21 
WRITE OUTPUT TAPE 10,27,1,R« I)»IPTNRE.RPECLT,PECLET,SCHMIO,UP,BTT, 31 
1DOWN,TSQUAR,ERAD 21 
ETT «RPECLT 21 
RPECLT "EZ 21 
OENO • (SIGMA * SUMVY/HOLD)/(FIX - 2.0) ' 21 
TSQUAR - EZ • EZ / OENO 21 
IF(0EN0)262,263,263 21 
262 OENO • - OENO 21 
263 DENO - OENO •• 0.9 21 
UP • (EZ • IT2 «OENO))«AVEVEL / 6.0 21 
DOWN "(EZ -IT2 «DENOII « AVEVEL / 6.0 21 
EZ - EZ • AVEVEL / 6.0 21 
IF(6Z)264,269,264> 21 
263 PECLET -0.0 21 
GO TO 266 21 
264 PECLET - 1.0/ RPECLT 21 
266 SCHMIO • (PECLET «2.0/AVENRE) • TUR0SCU) 22 
00 TO 1867.269),IZPICK 88 
$67 WRITS OUTPUT TAPE 10,28,1,RU), I PTNRE, RPECLT, PECLET, SCHMIO, UP,S2, 22 
1DOWN,TSQUAR,ERAO 22 
GO TO 26* 22 
268 WRITE OUTPUT TAPE 10,29,1,R(I)« IPTNRE.RPECLT,PECLET,SCHMIO,UP.EZ» 22 
1D0WN,TSQUAR,ERAD 22 
269 EZ -RPECLT 22 
00 270 N-l,NTOTAL 22 
CHECK - WIN) 22 
IF(CHECK1271,272,271 22 
271 YIN) - ETT » Y(N) / CHECK 22 
ZIN) - EZ « Z(N) / CHECK 22 
GO TO 270 22 
272 YIN) - ETT » YIN) 22 
ZIN) - EZ « Z(N) 22 
270 CONTINUE 22 
NI - 1 22 
N2 - 14 22 
273 WRITE OUTPUT TAPE 10,22,(W(N),N-N1,N2) 22 
WRITE OUTPUT TAPE 10,23,(X(N),N-N1,N2) 22 
WRITE OUTPUT TAPE 10,24,(Y(N),N-Nl,N2) 23 
GO TO (274,275),IZPICK 23 
274 WRITE OUTPUT TAPE 10,25,(Z(N),N-N1,N2) 23 
GO TO 276 23 
279 WRITE OUTPUT TAPE 10,26,(Z(N),N-Nl,N2) 23 
276 IFINTOTAL - N2)120,120,277 23 
277 NI - N2 • 1 23 
N2 • N1 • 13 23 
GO TO 273 23 
120 CONTINUE 23 
GO TO 1301,302,101,109,109,501,502,503,505,506,507),ISTOP 23 
301 STOP 23 
102 STOP «9 23 
99 WRITE OUTPUT TAPE 10,30 23 
GO TO 301 23 
1 FORMAT!12) 24 
2 FORMAT(0OH 24 
1 ) 2* 
3 FORMAT(I9,P10.3) 24 
4 F0RMATI9F7.4» 24 
5 F0RMAT(9F8.2I 24 
6 FORMAT(9P8.S/9F6.9/8F8.9) 24 
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7 FORMAT(712) 84 
6 P0RMAT16E12.9) 24 
9 F0RMAT12F9.4,F10.6) 84 
10 P0RMAT(9P8.S) 84 
11 FORMAT<9Fe.5Z9F8.5/6F8.5) 84 
12 FORMAT 18151 84 
13 FORMAT 12F6.31 84 
14 FORMAT 1121 84 
15 FORMAT!120H1 AL KONOPIK 40036 BUT 9200 204 MET. 06V. 84 
1 THETA AND RADIAL OIFFUSIVITV PROGRAM - NOVEMBER 18, 1963 - I 84 
16 FORMAT 155HJ II 12 13 14 19 J1 JS JS J4 J3 Kl R3 Rî 1 84 
17 FORMATI1H 13,1214) 84 
58 FORMAT191NJ ISTOP Tl T8 IZPICK NRE 1 8 S 4 9 ) 84 
19 FORMAT!1H IS.2F10.3,16,19,3121 84 
20 FORMAT 1120HX I RU) PT.NR6 1/NP6 N PE N SC M6H 8 39 
1 E FT2/M LOW E T ee 1 RADIAL E ) 89 
21 FORMATOH RR13,F9.2,18.P9.6,F9.I,P9.4.9F10.9,F15.2,Fll,9) 89 
22 FORMAT 17HJFLUX 14F6.4) 25 
23 FORMAT 17H RRATI014F8.3) 25 
24 F0RMAT17H TRATI014F8.3) 85 
25 FORMAT!7H ERT 14F8.3) 29 
26 FORMAT17H EZT 14F8.3) 89 
27 FORMATOH TTI3.F5.2,I8.F9.6,F9.1,F9.4,3F10.9,F19.2,F11.9) 89 
28 FORMATOH RT13,F5.2,I8.F9.6,F9.1,F9.4,9F10.S,F13.2.F11.9) 29 
29 FORMATOH ZT13,F9.2, I8.F9.6, F9.1,F9.4,3F10.9,F19.2,Pl 1.91 83 
30 FORMAT!99HK YOU HAVE COOPED UP THE 00 LOOP CONTROLS FIX THEM ) 89 
END 83 
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APPENDIX C 
One of the by-products of this investigation was the 
machine computation of the following integral 
x2 
x JN(yx)dx / 
where y is an arbitrary constant 
and JN denotes the Bessel function of the first kind 
integer order N. 
The evaluation of the above integral for orders zero, one, 
and two are well known and may be expressed as 
x2 





x Ji (yx) dx = - J0 (r*) 
CO 





/ x2 xj2 (Tx) dx = ~ [~ Jx(yx) + - J (yx) ] 
Xj ' y *  u 
(65) 
A literature search for the general integration of xJN(yx) 
for arbitrary integer order was made but its analytical 
210 
evaluation did not appear to be available. An attempt to 
derive the integration of xJN(yx) did prove fruitful for 
machine computation. 
The following equations may be found in any ele­
mentary text on Bessel functions 
d[jp(rx) ] 
S " " 7Jp+l <YX> + | Jp(Yx) (66) 
and 
YX VX 
Jp(YX) = 2p Jjh-i (YX) + ^  Jp_]_ (yx) (67) 
where p is the integer order of the Bessel function. 
Taking Equation 67 and setting p equal N the following 
relation is obtained 
JN(rx) = 2# JN+1 <rx) + JN-1 (YX) (68) 
and multiplying by x 
7  2  YX <yX 
XJn(yx) = JN+1 (Y*) + 2N J&-1 (?x) . (69) 
Likewise, setting p equal to N in Equation 66 the following 
is obtained 
d[ Jn(YX) ] N 
to = ' yJN+1 <YX) + x jn(YX) (70) 
x2 
and rearranging after multiplication by ^  
H- JN+1 (YX) = - d[J^X' 1 + # V"0 • (71) 
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Now, setting p equal to N-2 in Equation 66 and rear-
2 
ranging after multiplication by L. the following is obtained 
2N 
Y*2 ,T.„ . _ si dtJN-2(7X) ] \ M-2 
dx 2ÏT 
JS-1 <7X) ° " 2ÏÏ = + Ir- JN-2 (rx> <72' 
Consider the first term on R.H.S, of Equation 71, 
*£ d[jN(<yx) ] 
r2  
2N & ' and let 
u - x 
2N 
du __ x 
dx N 
dv = d[JN(yx) ] 
dx dx 
v = JN(-yx) 
utilizing the fundamental relation 
u dv = d(uv) _ v du 
dx dx dx 
it can be shown that 
r x2 
,2 d[ Jn(Tx) ] d'" 2N JN(TX) ] 
2N dx dx _ N 
(73) 
X = - § JN(YX) . (74) 
The substitution of Equation 74 into Equation 71 results in 
2 
2 d[ — JJJ(YX) ] 
W- JN+1 <Y*> ÎL_ + m XJN(YX, . (75) 
Likewise, through the utilization of Equation 73 with v equal 
to JN_2(yx) the first term on the R.H.S. of Equation 72 
becomes 
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The substitution of Equation 76 into Equation 72 results in 
2N~ JN-1 (?*) 
dt JN-2 1 
d3E + 2N XJN-2 (YX) (77) 
Now the substitution of Equations 75 and 77 into Equa­
tion 69 produces 
N-2 
2N 
xJN (yx) = -
d[ â JH(,VX'] d[ fîj JN-2 (7X) 1 
dx dx 
+ Jg X JN-2 (?%) (78) 
2N 
and integrating from x^ to x^ after multiplication by 









N-2 x JN_2(yx)dx. (79) 
Equation 79 is true for all integers N )> 2 and may be 
used repeatedly until N equals 3 or 4 depending on whether 
N is odd or even. To complete the required integration 
either Equation 64 or 65 is used depending again on whether 
N is odd or even. 
